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A toner set, including: at least one chromatic toner containing
a colorant; and a transparent toner containing no colorant,
wherein the chromatic toner and the transparent toner each
include a releasing agent and a binder resin, and wherein an
amount of a tetrahydrofuran 1nsoluble matter 1in the transpar-
ent toner 1s smaller than an amount of a tetrahydrofuran
insoluble matter 1n the chromatic toner.
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TONER SE'T, DEVELOPER SE'T, AND IMAGE
FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to: a toner set containing a
chromatic toner and a transparent toner; a developer set using
the toner set; and an 1mage forming apparatus.

2. Description of the Related Art

In recent years, there 1s an increased demand for 1mage
forming apparatuses that can save energy for fixing toner and
respond to high-speed processing, and toners themselves are
required to melt at low temperatures. There 1s also an
increased demand for attaining high-image quality. For high-
quality image formation such as formation of photo images,
gloss 1s 1imparted to a surface of recording media to provide
vivid high-gloss images. For example, proposed are a method
in which a transparent toner 1s applied to a non-image portion
without a chromatic toner to thereby reduce the difference in
gloss between an 1image portion with a chromatic toner and
the non-1mage portion; and a method in which a transparent
toner 1s applied to the entire surface of a recording medium
(see Japanese Patent Application Laid-Open (JP-A) Nos.
04-278967, 04-362960 and 09-200551). Also, proposed 1s an
apparatus including a fixing unit configured to heat a record-
ing medium having a chromatic toner image and a transparent
toner image for melting, followed by cooling and peeling off,
to thereby form a high-gloss 1image on the recording medium
(see JP-A No. 05-158364). According to these proposals, 1t 1s
possible to reduce the difference in gloss over the entire
surface of a recording medium to form an 1mage having a
uniform gloss.

In the field of printing, 1n order to control the gloss of a
recording medium, UV varnish printing, varnishing or
polypropylene (PP) laminating 1s generally employed to per-
form so-called spot varnish printing, which increases the
gloss of a specific portion of a recording medium.

In such spot varnish printing, a plate for partially increas-
ing the gloss after usual color printing 1s formed and coated
with, for example, UV varnish for printing. A portion that has
been subjected to the spot varnish printing can have a high
gloss like a photo 1image. Meanwhile, the other portion that
has not been subjected to the spot varnish printing has a low
gloss. In this manner, the difference in gloss on the resultant
image becomes large, so that these portions can be distin-
guished from each other to a more extent than in usual print-
ing. However, the spot varnish printing in oifset printing
requires a special plate. In addition, offset printing cannot
respond to variable data and thus requires a printing lot num-
ber more than a certain number. If electrophotographic image
forming apparatuses such as laser printers and dry-process
clectrostatic copiers can realize a function of spot varnish
printing, a plate for printing 1s not necessary, and also 1t 1s
possible to respond to variable data.

Proposed methods for forming portions having different
glosses on the same recording medium by an electrophotog-
raphy process include: a method of controlling gloss by
adjusting the number average molecular weight of a resin
used 1n a toner (see JP-A No. 08-220821); a method in which
a chromatic toner image 1s fixed and a transparent toner image
1s formed thereon, and then the fixing temperature 1s reduced
to reduce gloss (see JP-A No. 2009-109926); and a method in
which a {first printing operation 1s performed on a gloss por-
tion, followed by fixing, and a second printing operation 1s
performed on a non-gloss portion, followed by fixing (see
JP-A No. 04-338984). These proposals can form portions
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having different glosses on the same recording medium, but
have not realized yet a high-gloss image comparable to a

photo 1image obtained by the spot varnish printing.

As described above, various methods of controlling gloss
on recording media using a transparent toner have been pro-
posed. For example, JP-A No. 08-220821 describes a trans-
parent toner contaiming a polyester resin having a number
average molecular weight of about 3,500, and a chromatic
toner containing a polyester resin having a number average
molecular weight of about 10,000, where the melting point of
the transparent toner i1s lower than that of chromatic toner,
which improves smoothness and partially increases glossi-
ness of the transparent toner portion. Meanwhile, since the
transparent toner 1s formed on the uppermost layer of an
image and comes nto direct contact with a fixing unit, the
transparent toner 1s required to have higher hot offset resis-
tance than the chromatic toner. In addition, alayer ol the toner
becomes thick since the transparent toner layer 1s formed on
the chromatic toner 1mage. Moreover, unless the chromatic
toner has high cold offset property, the resultant image
formed from the combination of the transparent toner having
a low melting point and the chromatic toner having a high
melting point lacks stability. Theretfore, 1n order to form a
high-gloss 1image comparable to the aforementioned photo
image, only adjusting the number average molecular weights
of the resins used 1n the transparent and chromatic toners 1s
not sufficient.

In the image forming method described 1n JP-A No. 2009-
109926, the maximum melt viscosity of toner 1n the fixing nip
in second 1image formation 1s set to be higher than that of toner
in the fixing nip 1n first image formation. Thus, a transparent
toner 1image formed 1n the second 1image formation does not
suificiently melt to result 1n reduction of gloss, making it
impossible to form a high-gloss 1image comparable to a photo
image.

JP-A No. 04-338984 describes that styrene-acryl copoly-
mers and thermosetting resins and thermoplastic resins such
as polyester resins can be used as a resin of a transparent toner,
but does not disclose a constitution of toner for obtaining
gloss.

Therefore, demand has arisen for provision or a toner set
containing both a transparent toner and a chromatic toner, and
being excellent 1n hot ofiset resistance and capable of attain-
ing high glossiness and suilicient fixability at the same time;
and an 1mage forming apparatus capable of forming a color
image using the toner set so as to make an intended region of
the color image have different gloss from the other region
thereof.

SUMMARY OF THE INVENTION

The present invention aims to provide a toner set contain-
ing both a transparent toner and a chromatic toner, and being
excellent 1n hot offset resistance and capable of attaiming high
glossiness and suflicient fixability at the same time.

A toner set of the present invention as a means for solving
the above problems 1ncludes:

at least one chromatic toner containing a colorant; and

a transparent toner contaiming no colorant,

wherein the chromatic toner and the transparent toner each
include a releasing agent and a binder resin, and

wherein an amount of a tetrahydrofuran insoluble matter in
the transparent toner 1s smaller than an amount of a tetrahy-
drofuran insoluble matter in the chromatic toner.

The present mvention can provide a toner set containing,
both a transparent toner and a chromatic toner, and being
excellent in hot offset resistance and capable of attaining high
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glossiness and sufficient fixability at the same time. The toner
set can solve the above existing problems and achieve the
above object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of one example of an 1mage
forming apparatus of the present invention.

FI1G. 2 1s a schematic view of another example of an 1image
forming apparatus of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

(Toner Set)

A toner set of the present mvention contains a chromatic
toner and a transparent toner.

When a toner set 1s improved for increasing the gloss of an
image, the chromatic toner and the transparent toner of the
toner set are generally reduced 1n viscoelasticity. When the
viscoelasticity of each toner of the toner set 1s reduced, the
surface ol an 1mage 1s 1improved in smoothness to suppress
scattering of light, thereby improving glossiness. In addition,
the toners can be fixed at low temperatures to attain improved
energy saving. However, when each toner of the toner set 1s
simply reduced 1n viscoelasticity, anchoring efiects between
cach molten toner of the toner set and recording media such as
paper are weakened, so that there 1s a problem of the occur-
rence of hot offset.

Under such circumstances, the present imventors con-
ducted extensive studies to solve the above problems, and
have found that 1t 1s possible to provide a toner set excellent in
hot offset resistance and capable of attaining high glossiness
and sulficient fixability at the same time by incorporating,
into each toner of the toner set, a gel component 1n an appro-
priate amount which 1s insoluble to tetrahydrofuran (THF)
due to a crosslinked structure present 1n a resin, and also by
adjusting the amount of the THF insoluble matter in each of
the transparent toner and the chromatic toner of the toner set
so as to be 1n an appropriate range. The present inventors also
found that the above toner set can provide a great difference 1in
glossiness between an image portion formed of the chromatic
toner and a high-gloss 1mage portion where the transparent
toner has additionally been fixed on the 1image portion formed
of the chromatic toner.

In the toner set of the present mvention containing the
chromatic toner and the transparent toner, an amount of a
tetrahydrofuran (THF) insoluble matter 1in the transparent
toner 1s smaller than an amount of a tetrahydrofuran (THF)
insoluble matter in the chromatic toner. When the amount of
the THF insoluble matter in the transparent toner 1s smaller
than the amount of the THF 1nsoluble matter in the chromatic
toner, the toner set 1s excellent in hot offset resistance, and
high glossiness and sufficient fixability are easy to attain at
the same time. Whereas when the amount of the THF
insoluble matter 1n the transparent toner i1s larger than the
amount of the THF i1nsoluble matter in the chromatic toner,
the average glossiness of the formed 1mage 1s low, so that 1t
may not be possible to provide a suilficient difference in
glossiness between the image portion formed of the chro-
matic toner and the high-gloss 1image portion where the trans-
parent toner has additionally been fixed on the 1mage portion
formed of the chromatic toner.

The amount of the tetrahydrofuran insoluble matter 1n the
chromatic toner 1s preferably 14% by mass or more but 23%
by mass or less, more preferably 16% by mass to 19% by
mass.
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The amount of the tetrahydrofuran insoluble matter 1n the
transparent toner 1s preferably 5% by mass or more but less
than 14% by mass, more preferably 6% by mass to 10% by
mass.

When the amount of the THF 1nsoluble matter 1n the chro-
matic toner 1s less than 14% by mass or the amount of the THF
insoluble matter 1n the transparent toner 1s less than 5% by
mass, the hot offset resistance of the toner set may be
degraded.

When the amount of the THF insoluble matter 1n the chro-
matic toner 1s more than 23% by mass, the low-temperature
fixability of the toner may be degraded. Meanwhile, the trans-
parent toner can contain the THF insoluble matter more than
in the chromatic toner without being degraded 1n low-tem-
perature fixability. However, when the amount of the THF
insoluble matter 1n the transparent toner 1s 14% by mass or
more, the gloss may be degraded.

A ratio of the amount of the tetrahydrofuran insoluble
matter 1n the transparent toner to the amount of the tetrahy-
drofuran insoluble matter in the chromatic toner 1s preferably
0.65 or less, more preferably 0.55 or less. When the above
ratio 1s more than 0.65, 1t may not be possible to provide a
suificient difference 1n glossiness between the 1image portion
formed of the chromatic toner and the high-gloss 1image por-
tion where the transparent toner has additionally been fixed
on the image portion formed of the chromatic toner.

Here, the amount of the THF 1nsoluble matter of each ofthe
transparent toner and the chromatic toner of the toner set can
be calculated from the residual toner remaining after each
toner has been extracted with a Soxhlet extractor for 8 hours
using tetrahydrofuran (THF) as an extraction solvent. It can
specifically be measured 1n the following manner.
<<Amount of Tetrahydrofuran (THF) Insoluble Matter>>

Each (3 g) of the transparent toner and the chromatic toner
ol the toner set 1s weighed and defined as A (g). Next, each
toner 1s charged into cylindrical filter paper (inner diameter:
24 mm) having a known mass, and the cylindrical filter paper
1s set to an extraction tube. Then, tetrahydrofuran (THF) (200
ml.) 1s added to a flask. The flask equipped with a condenser
1s immersed 1n a mantle heater, and the THF 1s refluxed at 60°
C. The THF 1s dropped to each toner through the condenser,
and THF soluble matter of the toner 1s extracted in the flask.
After extraction at 60° C. for 8 hours, the THF serving as a
liquid for extraction 1s evaporated under reduced pressure,
and the residue remaining on the cylindrical filter paper (THF
insoluble matter) 1s weighed. The obtained value 1s defined as
B (g). The above-described measurement for the values A and
B 1s performed 5 times in total. Each of the values A and B 1s
an average of 5 values obtained in the measurements per-
formed 5 times.

The thus-obtained A and B are assigned to the following
formula to calculate an amount of THF 1nsoluble matter (%
by mass).

Amount of THF insoluble matter(% by mass)=(5/4)x
100

The tetrahydroturan (THF) insoluble matter contained 1n
cach of the transparent toner and the chromatic toner of the
toner set 1s mainly a part having a network structure formed
by crosslinking in the resin (gel component) and has high
clasticity.

—Control of Amount of THF Insoluble Matter 1n Toner Set—

The amount of the THF 1nsoluble matter of the transparent
toner and the chromatic toner of the toner set can be con-
trolled by changing the amount of the resin containing the gel
component.
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A method for incorporating the gel component into each of
the transparent toner and the chromatic toner of the toner set
1s not particularly limited and may be appropriately selected
depending on the intended purpose. Examples thereof
include: amethod of using a resin containing a gel component >
as a binder resin; and a method including forming toner
particles from toner materials containing a binder resin pre-
cursor having in the molecule thereof a functional group
capable of performing elongation or crosslinking reaction,
and a compound capable of reacting with the binder resin
precursor; and heating or aging the obtained toner particles to
allow the reaction to proceed, to thereby form a gel compo-
nent in each toner particle.

The chromatic toner 1n the toner set contains a colorant and
1s a yellow toner, a magenta toner, a cyan toner, a black toner,
or any combination thereof.

The transparent toner 1n the toner set 1s a toner containing,
no colorant.

The chromatic toner and the transparent toner each include ¢
at least a releasing agent and a binder resin; and, 1f necessary,
turther include other ingredients.
<Binder Resin>

The binder resin contains a non-crystalline resin and a
crystalline resin. 25
<<Non-Crystalline Resin>>

The non-crystalline resin 1s preferably a non-crystalline
polyester resin since the obtained toner 1s improved 1n low-
temperature fixability and glossiness when used in full-color
image forming apparatuses. 30

The non-crystalline polyester resin preferably contains a
polyester resin that has not been modified (1.¢., an unmodified
polyester resin) and a modified polyester resin.

— Unmodified Polyester Resin—

The unmodified polyester resin 1s not particularly limited 35
and may be appropriately selected depending on the intended
purpose, and can be obtained through polycondensation reac-
tion between an alcohol component and an acid component.

Examples of the alcohol component include alkylene gly-
cols (e.g., ethylene glycol and 1,6-hexanediol), bisphenols 40
(e.g., bisphenol A and bisphenol S), alkylene oxide adducts of
bisphenols (e.g., bisphenol A ethylene oxide 2 mol adducts
and bisphenol A propylene oxide 2 mol adducts), trihydric or
higher hydric polyalcohols (e.g., 1,1,1-trimethylolpropane
and pentaerythritol). These may be used alone or 1n combi- 45
nation.

Examples of the acid component include polycarboxylic
acids. The polycarboxylic acid is not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereof include: alkylene dicarboxylic 50
acids (e.g., succinic acid, adipic acid and sebacic acid); aro-
matic dicarboxylic acids (e.g., terephthalic acid and 1soph-
thalic acid); and trivalent or higher-valent polycarboxylic
acids (e.g., C9-C20 aromatic polycarboxylic acids such as
trimellitic acid and pyromellitic acid). These may be used 55
alone or 1n combination.

The weight average molecular weight (Mw) of the unmodi-
fied polyester resin which 1s measured by subjecting its tet-
rahydrofuran (THF) soluble matter to gel permeation chro-
matography (GPC) 1s not particularly limited and may be 60
appropriately selected depending on the intended purpose,
but 1s preferably 1,000 to 20,000, more preferably 2,000 to
10,000.

The number average molecular weight (Mn) of the
unmodified polyester resin which 1s measured by subjecting 65
its tetrahydrofuran (THF) soluble matter to gel permeation
chromatography (GPC)1s not particularly limited and may be
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appropriately selected depending on the intended purpose,
butis preferably 500 to 6,000, more preferably 1,000 to 5,000.

The acid value of the unmodified polyester resin 1s prefer-
ably 1 mgKOH/g to 50 mgKOH/g, more preferably 10
mgKOH/g to 30 mgKOH/g. Accordingly, the acid value 1s 1
mgKOH/g or greater, therefore, the toner tends to be nega-
tively charged, and moreover, an affinity between paper and
the toner improves during fixing to paper, which can increase
low temperature fixing ability ol the toner. However, when the
acid value 1s greater than 50 mgKOH/g, charge stability,
especially charge stability to environmental variation, may
lower.

Notably, the acid value can be measured according to the
measurement method described 1n JIS K0O070-1992.

—Modified Polyester Resin—

The modified polyester resin can provide each toner of the
toner set with an appropriate extent of crosslinked structures.
The modified polyester resin 1s not particularly limited and
may be appropriately selected depending on the intended
purpose, so long as 1t 1s a resin having a urethane bond and/or
a urea bond. The modified polyester resin 1s preferably resins
obtained through elongating reaction and/or crosslinking
reaction between an active hydrogen group-containing com-
pound and a binder resin precursor having a functional group
reactive with the active hydrogen group-containing com-
pound (hereinafter may be retferred to as “prepolymer™).

The prepolymer 1s not particularly limited and may be
appropriately selected depending on the intended purpose so
long as 1t 1s a polyester resin containing at least a functional
group reactive with the active hydrogen group-containing
compound.

The functional group in the prepolymer reactive with the
active hydrogen group-containing compound 1s not particu-
larly limited and may be appropriately selected from known
substituents. Examples of the substituent include an isocyan-
ate group, an epoxy group, a carboxylic acid group and an
acid chloride group. These may be contained alone or 1n
combination. Among them, an 1socyanate group 1s preferred.

The method for synthesizing the prepolymer 1s not particu-
larly limited and may be appropnately selected depending on
the intended purpose. For producing an 1socyanate group-
containing prepolymer, for example, the following method
can be employed. Specifically, a polyol and a polycarboxylic
acid are heated to a temperature of 150° C. to 280° C. 1n the
presence of a known esterification catalyst (e.g., titantum
tetrabutoxide or dibutyltin oxide). Subsequently, the formed
water 15 removed under reduced pressure if necessary, to
prepare a hydroxyl group-containing polyester. Thereatter,
the thus-prepared hydroxyl group-containing polyester 1s
reacted with a polyisocyanate at a temperature of 40° C. to
140° C. to prepare the 1socyanate group-containing prepoly-
mer.

The polyol 1s not particularly limited and may be appro-
priately selected depending on the intended purpose.
Examples thereof include: diols such as alkylene glycols
(e.g., ethylene glycol, 1,2-propylene glycol, 1,3-propylene
glycol, 1,4-butanediol and 1,6-hexanediol), alkylene ether
glycols (e.g., diethylene glycol, triethylene glycol, dipropy-
lene glycol, polyethylene glycol, polypropylene glycol and
polytetramethylene ether glycol), alicyclic diols (e.g., 1.4-
cyclohexane dimethanol and hydrogenated bisphenol A),
bisphenols (e.g., bisphenol A, bisphenol F and bisphenol S),
adducts of the above-listed alicyclic diols with alkylene
oxides (e.g., ethylene oxide, propylene oxide and butylene
oxide); adducts of the above-listed bisphenols with alkylene
oxides (e.g., ethylene oxide, propylene oxide and butylene
oxide); trihydric or higher polyols such as polyhydric ali-
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phatic alcohols (e.g., glycerin, trimethylolethane, trimethy-
lolpropane, pentaerythritol and sorbitol), trihydric or higher
phenols (e.g., phenol novolak and cresol novolak) and
adducts of trihydric or higher polyphenols with alkylene
oxides; and mixtures of diols and trihydric or higher polyols.
These may be used alone or in combination.

Among them, the polyol 1s preferably the diol alone or
mixtures of the diol and a small amount of the trihydric or
higher polyol. The diol 1s preferably C2-C12 alkylene glycols

or adducts of bisphenols with alkylene oxide (e.g., bisphenol
A ethylene oxide 2 mol adducts, bisphenol A propylene oxide
2 mol adducts and bisphenol A propylene oxide 3 mol
adducts).

The polycarboxylic acid 1s not particularly limited and may
be appropriately selected depending on the intended purpose.
Examples thereot include: alkylene dicarboxylic acids (e.g.,
succinic acid, adipic acid and sebacic acid); alkenylene dicar-
boxylic acids (e.g., maleic acid and fumaric acid); aromatic
dicarboxylic acids (e.g., terephthalic acid, isophthalic acid,
and naphthalene dicarboxylic acid); and trivalent or higher
polycarboxylic acids (e.g., C9-C20 aromatic polycarboxylic
acids such as trimellitic acid and pyromellitic acid). These
may be used alone or in combination.

Among them, the polycarboxylic acid i1s preferably
C4-C20 alkenylene dicarboxylic acids or C8-C20 aromatic
dicarboxylic acids.

Notably, instead of the polycarboxylic acids, anhydrides or
lower alkyl esters (e.g., methyl esters, ethyl esters and 1sopro-
pyl esters) of the polycarboxylic acids may be used.

The mixing ratio of the polyol and the polycarboxylic acid
1s not particularly limited and may be appropriately selected
depending on the intended purpose. The mixing ratio thereof
1s preferably 2/1 to 1/1, more preterably 1.5/1 to 1/1, particu-
larly preferably 1.3/1 to 1.02/1, 1n terms of the equivalent
ratio [OH]/[COOH] of the hydroxyl group [OH] of the polyol
to the carboxyl group [COOH] of the polycarboxylic acid.

The polyisocyanate 1s not particularly limited and may be
appropriately selected depending on the intended purpose.
Examples thereof include: aliphatic polyisocyanates (e.g.,
tetramethylene duisocyanate, hexamethylene diisocyanate,
2,6-diisocyanatomethylcaproate, octamethylene diisocyan-
ate, decamethylene diisocyanate, dodecamethylene diisocy-
anate, tetradecamethylene diisocyanate, trimethylhexane
diisocyanate and tetramethylhexane diisocyanate); alicyclic
polyisocyanates (€.g., 1Isophoron diisocyanate and cyclohexy-
Imethane diisocyanate); aromatic diisocyanates (e.g.,
tolylene diisocyanate and diphenylmethane diisocyanate,
1,5-naphthylene duisocyanate, diphenylene-4,4'-diisocyan-
ate, 4.,4'-dusocyanato-3,3'-dimethyldiphenyl, 3-methyl-
diphenylmethane-4,4'-diisocyanate and diphenylether-4,4'-
diisocyanate); aromatic aliphatic diisocyanates (e.g., a,a.,q.,
a'-tetramethylxylylene diisocyanate); 1socyanurates (e.g.,
tris-1socyanatoalkyl-1socyanurate  and  triisocyanatocy-
cloalkyl-1socyanurate); phenol denvatives thereof; and
blocked products thereof with, for example, oxime or capro-
lactam. These may be used alone or 1n combination.

When reacting the polyisocyanate with the hydroxyl
group-containing polyester, a solvent may be used 11 neces-
sary. The solvent usable 1s not particularly limited and may be
appropriately selected depending on the intended purpose.
Examples thereof include solvents inert to 1socyanates such
as aromatic solvents (e.g., toluene and xylene); ketones (e.g.,
acetone, methyl ethyl ketone and methyl 1sobutyl ketone);
esters (e.g., ethyl acetate); amides (e.g., dimethylformamide
and dimethylacetamide); and ethers (e.g., tetrahydrofuran).
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These may be used alone or in combination.

The mixing ratio of the polyisocyanate and the hydroxyl
group-containing polyester 1s not particularly limited and
may be appropriately selected depending on the intended
purpose. The mixing ratio thereof 1s preferably 5/1 to 1/1,
more preferably 4/1 to 1.2/1, particularly preferably 2.5/1 to

1.5/1, 1 terms of the equivalent ratio [NCO]/[OH] of the
isocyanate group [NCO] of the polyisocyanate to the
hydroxyl group [OH] of the hydroxyl group-containing poly-
ester. When the equivalent ratio [NCOJ/[OH] 1s more than
5/1, the remaining polyisocyanate compound may adversely
aifect the chargeability of the formed toner.

Active Hydrogen Group-Containing Compound

The active hydrogen group-containing compound acts, 1n
an aqueous medium, as an elongating agent or crosslinking
agent at the time of the elongating reaction or crosslinking
reaction of the prepolymer.

The active hydrogen group 1s not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereot include a hydroxyl group (e.g., an
alcoholic hydroxyl group or a phenolic hydroxyl group), an
amino group, a carboxyl group and a mercapto group. These
may be contained alone or in combination.

The active hydrogen group-containing compound 1s not
particularly lmited and may be approprately selected
depending on the intended purpose, so long as 1t contains an
active hydrogen group. Examples thereof include water. In
cases where the prepolymer 1s an 1socyanate group-contain-
ing prepolymer described below, amines are preferably used
from the viewpoint of increasing the molecular weight of the
reaction product.

The amines serving as the active hydrogen group-contain-
ing compound are not particularly limited and may be appro-
priately selected depending on the intended purpose.
Examples thereof include diamines, trivalent or higher
polyamines, amino alcohols, amino mercaptans, amino acids,
and compounds obtained by blocking an amino group of
these amines. Examples of the diamines include aromatic
diamines (e.g., phenylenediamine, diethyltoluenediamine
and 4,4'-diaminodiphenylmethane); alicyclic diamines (e.g.,
4.4'-diamino-3,3' dimethyldicyclohexylmethane, diaminecy-
clohexane and 1sophoronediamine); and aliphatic diamines
(e.g., ethylenediamine, tetramethylenediamine and hexam-
cthylenediamine). Examples of the trivalent or higher
polyamines include diethylenetriamine and triethylenetetra-
mine. Examples of the amino alcohols include ethanolamine
and hydroxyethylaniline. Examples of the amino mercaptans
include aminoethyl mercaptan and aminopropyl mercaptan.
Examples of the amino acids include aminopropionic acid
and aminocaproic acid. Examples of the compounds obtained
by blocking an amino group of the above amines include
oxazoline compounds and ketimine compounds obtained
from any of the above amines (i.e., diamines, trivalent or
higher polyamines, amino alcohols, amino mercaptans and
amino acids) and ketones (e.g., acetone, methyl ethyl ketone
and methyl 1sobutyl ketone). These may be used alone or 1n
combination.

Among them, the amines are particularly preferably
diamines or mixtures of diamines and a small amount of
trivalent or higher polyamines.

The active hydrogen group-containing compound and the
prepolymer are allowed to undergo the elongating and/or
crosslinking reaction in an aqueous medium, to thereby
obtain the modified polyester resin.

The elongating and/or crosslinking reaction may be termi-
nated using a reaction terminator such as monoamines (e.g.,
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diethylamine, dibutylamine, butylamine or laurylamine) or
compounds obtained by blocking monoamines (e.g.,
ketimine compounds).

In the synthesis of the modified polyester resin, the mixing,
rat1o of the 1socyanate group-containing prepolymer serving,
as the prepolymer and the amines serving as the active hydro-
gen group-containing compound 1s not particularly limited
and may be appropriately selected depending on the intended
purpose. The mixing ratio thereof 1s preferably 1/2 to 2/1,
more preferably 1/1.5to 1.5/1, particularly preferably 1/1.2 to
1.2/1, 1n terms of the equivalent ratio [NCO]/[NHx] of the
1socyanate group [NCO)] of the 1socyanate group-containing
prepolymer to the amino group [NHx] of the amines.

The amount of the modified polyester resin contained in
the transparent toner of the toner set 1s preferably 15% by
mass or less, more preferably 1% by mass to 10% by mass.
When the amount 1s more than 13% by mass, THF insoluble
matter contained 1n the transparent toner 1s increased, so that
a satisfactory difference 1n glossiness may not be achieved
between the chromatic toner and the transparent toner.

The amount of the modified polyester resin contained in
the chromatic toner of the toner set 1s preferably 5% by mass
or more, more preferably 5% by mass to 30% by mass, further
preferably 10% by mass to 20% by mass. When the amount 1s
less than 5% by mass, THF insoluble matter contained 1n the
transparent toner 1s decreased and thus the chromatic toner
may have high glossiness, so that a satisfactory difference in
glossiness may not be achieved between the chromatic toner
and the transparent toner.
<<Crystalline Resin>>

The toner set of the present invention contains the crystal-
line resin and thus can be improved 1n low-temperature {ix-
ability and also 1n glossiness.

The crystalline structure of the crystalline resin tends to
degrade near 1ts melting point, so that the crystalline resin
drastically decreases in viscosity. With this property, it can
provide the toner with good low-temperature fixability while
keeping heat resistance storage stability high.

The crystalline resin 1s preferably a crystalline polyester
resin from the viewpoint of improvements in low-tempera-
ture fixability.

The crystallinity and the molecular structure of the crys-
talline polyester resin may be confirmed, for example, by
NMR, differential scanning calorimetry (DSC), X-ray dii-
fraction, GC/MS, LC/MS, and measurement of infrared (IR)
absorption spectrum. For example, in its infrared (IR) absorp-
tion spectrum, a polyester resin that exhibits absorption at
wavelengths of 965+10 cm™" and 990+10 cm™', which is
based on an out-of-plane bending vibration (6CH) of the
olefin, 1s preferred. In this case, 1t 1s possible to regard such a
polyester resin that exhibits the above absorption as being
crystalline.

The crystalline polyester resin can be synthesized through,
for example, polycondensation reaction between an alcohol
component and an acid component.

The alcohol component 1s not particularly limited and may
be appropriately selected depending on the intended purpose.
Suitable examples thereot include diol compounds.

The number of carbon atoms of the diol compounds 1s
preferably 2 to 8, more preferably 2 to 6. Examples of such
diol compounds include 1,4-butanediol, ethylene glycol, 1,2-
propylene glycol, 1,3-propylene glycol or derivatives thereof.
These may be used alone or 1n combination. Among them,
1,4-butanediol and 1,6-hexanediol are particularly preferred.

The amount of the diol compounds 1s preferably 80 mol %
or more 1n the alcohol component, more preferably 85 mol %
to 100 mol % in the alcohol component.
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When the amount of the diol compounds in the alcohol
component 1s less than 80 mol %, production efficiency may
be degraded.

The acid component 1s not particularly limited and may be
appropriately selected depending on the intended purpose.
Examples thereof include carboxylic acids having carbon-
carbon double bonds, dicarboxylic acid compounds and poly-
valent carboxylic acid compounds, with dicarboxylic acid
compounds being preferred.

The number of carbon atoms of the dicarboxylic acid com-
pounds 1s preferably 2 to 8, more preferably 2 to 6. Examples
of such dicarboxylic acid compounds include oxalic acid,
maleic acid, fumaric acid, succinic acid, adipic acid, or anhy-
drides of these acids, or C1-C3 alkyl esters thercol. These
may be used alone or 1n combination. Among them, fumaric
acid 1s particularly preferred.

The amount of the dicarboxylic acid compounds 1s prefer-
ably 80 mol % or more 1n the acid component, more prefer-
ably 85 mol % to 100 mol % 1n the acid component. When the
amount of the dicarboxylic acid compounds 1n the acid com-
ponent 1s less than 80 mol %, production efliciency may be
degraded.

Examples of the polyvalent carboxylic acid compounds
include trimellitic acid, pyromellitic acid, or anhydrides of
these acids, or C1-C3 alkyl esters these acids.

The polycondensation reaction 1s not particularly limited
and may be appropnately selected depending on the intended
purpose. The polycondensation reaction can be performed by
allowing the alcohol and acid components to react at 120° C.
to 230° C. 1n an mert gas atmosphere using, for example, an
esterification catalyst and a polymerization inhibitor.

In the polycondensation reaction, all of the monomers may
be charged at one time 1n order to improve the strength of the
obtained crystalline polyester resin. Also, 1n order to reduce
the amount of low-molecular-weight components, divalent
monomers may be allowed to react and then trivalent or
higher monomers may be added to the reaction mixture and
allowed to react. Furthermore, in order to promote the reac-
tion, the reaction system may be reduced in pressure in the
later half period of the polycondensation reaction. In order to
control the crystallinity and the softening point of the crys-
talline polyester resin, the polycondensation reaction may be
performed using, as the alcohol component, a trihydric or
higher polyalcohol such as glycerin and, as the acid compo-
nent, a trivalent or higher polycarboxylic acid such as trim-
cllitic anhydride to thereby obtain a non-linear polyester.

The molecular weight distribution of the crystalline poly-
ester resin 1s not particularly limited and may be appropri-
ately selected depending on the intended purpose. The
molecular weight distribution thereof is preferably sharp.
And, the crystalline polyester resin having a lower molecular
weilght 1s preferred since it 1s excellent 1n low-temperature
fixability. In the molecular weight distribution diagram
obtained through gel permeation chromatography (GPC) of
its ortho-dichlorobenzene soluble matter where the horizon-
tal axis represents log (M) and the vertical axis represents %o
by mass, it 1s preferred that a peak be located 1n a range o1 3.5
to 4.0, and that the half width of the peak be 1.5 or less.

The weight average molecular weight (Mw) of the crystal-
line polyester resin 1s not particularly limited and may be
appropriately selected depending on the intended purpose.
Since 1t 1s difficult that the crystalline polyester resin having
higher molecular weights keeps its sharp melt property, the
welght average molecular weight (IMw) 1s preferably 1,000 to
30,000, more preferably 1,200 to 20,000.

The number average molecular weight (Mn) of the crys-
talline polyester resin 1s not particularly limited and may be
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appropriately selected depending on the intended purpose,
but 1s preferably 500 to 6,000, more preterably 700 to 3,500.

The molecular weight distribution (Mw/Mn), which 1s

expressed by a ratio of the weight average molecular weight
(Mw) to the number average molecular weight (Mn), 1s not
particularly limited and may be appropnately selected
depending on the intended purpose, but 1s preferably 2 to 8.

When the molecular weight distribution (Mw/Mn) 1s less
than 2, production 1s difficult to be performed, potentially
leading to cost elevation. Whereas when it 1s more than 8, the
sharp melt property of the crystalline polyester resin may be
degraded.

The melting point of the crystalline polyester resin 1s pret-
erably 60° C. to 130° C., more preferably 70° C. to 110° C.

When the melting point thereof 1s lower than 60° C., the
viscoelasticity of each toner of the toner set 1s decreased at
low temperatures, so that 1ts heat resistance storage stability

may be degraded. Whereas 1t 1s higher than 130° C., the effect

of decreasing its viscoelasticity 1s insuilicient, so that its
low-temperature fixability may be insuificient.

The melting point of the crystalline polyester resin can be
determined from, for example, a DSC curve obtained through
differential scanning calorimetry (DSC).

The acid value of the crystalline polyester resin 1s not
particularly limited and may be approprately selected
depending on the intended purpose, but 1s preferably 5
mgKOH/g or higher, more preferably 10 mgKOH/g or higher.
Notably, from the viewpoint of improvements 1n hot oifset
resistance, the acid value 1s preferably 45 mgKOH/g or lower.

When the acid value 1s lower than 5 mgKOH/g, satisfactory
allinity between recording media (paper) and the binder resin
cannot be obtained 1n some cases. In addition, the intended
low-temperature fixability cannot be achueved in some cases.

The acid value of the crystalline polyester resin can be
measured as follows, for example. Specifically, the crystal-
line polyester resin 1s dissolved 1n 1,1,1,3,3,3-hexatluoro-2-
propanol and the resultant solution 1s subjected to titration.

The hydroxyl value of the crystalline polyester resin 1s not
particularly lmited and may be approprately selected

depending on the intended purpose, but 1s preferably O
mgKOH/g to 50 mgKOH/g, more preferably 5 mgKOH/g to

50 mgKOH/g.

When the hydroxyl value thereof 1s higher than 50
mgKOH/g, 1t may be impossible to attain both good low-
temperature fixability and good charging property.

The hydroxyl value of the crystalline polyester resin can be
measured as follows, for example. Specifically, the crystal-
line polyester resin 1s dissolved 1n 1,1,1,3,3,3-hexatluoro-2-
propanol and the resultant solution 1s subjected to titration.

The amount of the crystalline polyester resin contained in
the transparent toner of the toner set 1s preferably more than
that of 1n the chromatic toner of the toner set. When the
amount of the crystalline polyester resin contained in the
transparent toner 1s less than that of 1n the chromatic toner, a
large difference 1n glossiness may not be achieved between
the transparent toner and the chromatic toner.

The amount of the crystalline polyester resin contained in
the transparent toner of the toner set1s not particularly limited
and may be appropriately selected depending on the intended
purpose, but 1s preferably 5% by mass or more, more prefer-
ably 5% by mass to 20% by mass, further preferably 6% by
mass to 15% by mass. When the amount 1s less than 5% by
mass, the transparent toner may not be suiliciently decreased
in viscosity, so that high glossiness may not be achieved.
When the amount 1s more than 20% by mass, hot offset
resistance may not be ensured. Additionally, an o1l phase 1s
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significantly increased 1n viscosity during manufacturing the
transparent toner, potentially leading to difficulty 1n granulat-
ing.

The amount of the crystalline polyester resin contained 1n
the chromatic toner of the toner set 1s not particularly limited
and may be appropriately selected depending on the intended
purpose, but is preferably 2% by mass to 15% by mass, more
preferably 3% by mass to 10% by mass.
<Releasing Agent>

In order to ensure satisfactory releasing property, both of
the transparent toner and the chromatic toner of the toner set
contain a releasing agent.

The amount of the releasing agent contained 1n the trans-
parent toner 1s preferably more than that of 1n the chromatic
toner. The transparent toner has lower viscosity than the chro-
matic toner in order to exhibit high glossiness, therefore, the
transparent toner may have lower hot offset resistance than
the chromatic toner. However, hot offset can be prevented
from occurring by previously adding a large amount of the
releasing agent to the transparent toner.

The amount of the releasing agent contained in the trans-
parent toner 1s not particularly limited and may be appropri-
ately selected depending on the intended purpose, but 1s pret-
erably 2% by mass to 13% by mass, more preferably 3% by
mass to 10% by mass. When the amount 1s less than 2% by
mass, 1t may be ditficult to ensure satisfactory releasing prop-
erty. When the amount 1s more than 13% by mass, 1mage
quality tends to be degraded due to toner spent to a carrier.

The amount of the chromatic toner 1n the releasing agent 1s
not particularly limited and may be appropriately selected
depending on the intended purpose, but 1s preferably 0.05%
by mass to 10% by mass, more preferably 1% by mass to 8%
by mass.

The melting point of the releasing agent 1s not particularly
limited and may be appropriately selected depending on the
intended purpose, but 1s preferably 50° C. to 120° C., more
preferably 70° C. to 100° C.

Since the releasing agent can effectively act as a releasing
agent at the interface between a fixing roller and a toner, hot
olfset resistance of a toner can be improved without applying
a releasing agent, such as oil, to the fixing roller.

Notably, the melting point of the releasing agent was deter-
mined from a DSC curve obtained through differential scan-
ning calorimetry (DSC). The DSC curve can be obtained
using TA-60WS and DSC-60 (product of Shimadzu Corpo-
ration).

The releasing agent 1s not particularly limited and may be
appropriately selected depending on the intended purpose.
Examples thereof include polyolefin waxes (e.g., polyethyl-
ene wax, polypropylene wax); long-chain hydrocarbons (e.g.,
paraifin wax) and carbonyl group-contaiming waxes (e.g.,
esters, ketones). These may be used alone or 1n combination.
Among them, carbonyl group-containing waxes are particu-
larly preferable.

Examples of the carbonyl group-containing wax include
polyalkanate esters (e.g. carnauba wax, montan wax, trim-
cthylolpropane tribehenate, pentaerythritol tetrabehenate,
pentaerythritol diacetate dibehenate, glycerine tribehenate,
and 1,18-octadecanediol distearate), polyalkanol esters (e.g.
tristearyl trimellitate and distearyl maleate), polyalkanic acid
amides (e.g. ethylenediamine dibehenyl amide), polyalkyl
amides (e.g. tristearyl trimellitate amide), and dialkyl ketones
(e.g. distearyl ketone).
<Colorant 1n Chromatic Toner>

A colorant 1n the chromatic toner 1s not particularly limited
and may be appropriately selected depending on the intended
purpose. Examples of the colorant include carbon black, o1l
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yellow, pigment yellow L, tartrazinelake, cadmium red,
quinacridone red, phthalocyanin blue, fast sky blue, mala-
chite green lake, phthalocyanine green, anthraquinon green,
and titanium oxide. These may be used alone or 1n combina-
tion.

The amount of the colorant 1s not particularly limited and
may be appropriately selected depending on the intended
purpose, but 1s preferably 1% by mass to 15% by mass, more
preferably 3% by mass to 10% by mass relative to that of the
chromatic toner.

The colorant may be mixed with a resin to form a master-
batch and may be used as a masterbatch. Examples of the
resin which 1s used for producing the masterbatch or which 1s
kneaded together with the masterbatch include the above-
described modified or unmodified polyester resins; styrene
polymers and substituted products thereotf (e.g., polystyrenes
and polyvinyltoluenes); styrene-propylene copolymers, sty-
rene-vinyltoluene copolymers, styrene-vinylnaphthalene
copolymers, styrene-methyl acrylate copolymers, aliphatic
or alicyclic hydrocarbon resins; aromatic petroleum resins;
chlorinated parailins; and paraifin waxes. These may be used
alone or 1n combination.

The masterbatch can be prepared by mixing and kneading
a colorant with a resin for use 1n a masterbatch through
application of high shearing force. An organic solvent may
also be used for improving interactions between the colorant
and the resin. Furthermore, the so-called flashing method, 1n
which an aqueous paste containing a colorant 1s mixed and
kneaded with a resin and an organic solvent and then the
colorant 1s transferred to the resin to remove water and the
organic solvent, 1s preferably used, since a wet cake of the
colorant can be directly used (1.e., no drying 1s required). For
this mixing and kneading, a high-shearing dispersing device
(e.g., a three-roll mill) 1s preferably used.
<Other Ingredients>

The other ingredients are not particularly limited and may
be appropriately selected depending on the intended purpose.
Examples thereof include charge-controlling agents, resin
particles, external additives, flowability improving agents,
cleanability improving agents and magnetic materials.
—Charge Controlling Agent—

The charge controlling agent 1s not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereol include alkoxy amines, quater-
nary ammonium salts (including fluorine-modified quater-
nary ammonium salts), alkylamides, fluoroactive agents,
metal salts of salicylic acid, and metal salts of salicylic acid
derivatives. These may be used alone or 1n combination.

The charge-controlling agent may be a commercially avail-
able product. Examples of the commercially available prod-
uct mnclude nigrosine dye BONTRON 03, quaternary ammo-
nium salt BONTRON P-51, and polymeric compounds
having a functional group such as a sulfonic acid group, a
carboxyl group or a quaternary ammonium salt.

The amount of the charge-controlling agent in each toner of
the toner set depends on the type of the binder resin, the
presence or absence of additive(s) and the dispersing method
employed and therefore cannot be unequivocally determined.
The amount thereof 1s preferably 0.1 parts by mass to 10 parts
by mass, more preferably 0.2 parts by mass to 5 parts by mass,
per 100 parts by mass of the resin component. When 1t 1s less
than 0.1 parts by mass, favorable charge controlling proper-
ties may not be obtaimned. Whereas when it 1s greater than 10
parts by mass, the chargeability of each toner of the toner set
1s so large that the etflects of a main charge-controlling agent
are reduced, and the electrostatic attraction force between the
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toner and a developing roller increases, potentially leading to
degradation of the fluidity of a developer and/or image den-
S1ty.

The charge-controlling agent may be dissolved or dis-
persed 1n the toner after melt-kneaded with the masterbatch
and the resin. Needless to say, the charge-controlling agent
may be directly added to the organic solvent together with the
components of the toner when they are dissolved or dis-
persed, or may be fixed on the surface of each toner particles
of the toner set after the formation of the toner particles.
—Resin Particles—

The resin particles are not particularly limited and may be
appropriately selected depending on the intended purpose.
Examples thereot include vinyl resins, polyurethane resins,
epoxy resins and polyester resins. Among them, vinyl resins,
polyurethane resins, epoxy resins, polyester resins or combi-
national use thereof are preferred since 1t 1s easy to obtain an
aqueous dispersion of spherical resin particles, with vinyl
resins being more preferred.

The vinyl resins are homopolymers or copolymers of vinyl
monomers. Examples of the vinyl resins include styrene-
(meth)acrylic acid ester resins, styrene-acrylonitrile copoly-
mers, and styrene-butyl methacrylate copolymers, with sty-
rene-butyl methacrylate copolymers being preferred.

The resin particles may be copolymers formed of mono-
mers each containing at least two unsaturated groups.

The monomer containing at least two unsaturated groups 1s
not particularly limited and may be appropriately selected
depending on the intended purpose. Examples thereof
include a sodium salt of sulturic acid ester of methacrylic
acid-ethylene oxide adduct (“ELEMINOL RS-30,” product
of Sanyo Chemical Industries, Ltd.), divinyl benzene and
1,6-hexanediol acrylate.

The glass transition temperature (1T'g) of the resin particles
1s preferably 50° C. to 70° C. When the glass transition
temperature (T'g) 1s lower than 50° C., each toner of the toner
set 15 degraded in heat resistance storage stability, so that
blocking may occur during storage and in a developing unait.
Whereas when it 1s higher than 70° C., the resin particles
impair adhesiveness to paper, so that the minimum fixing
temperature may be increased.

The weight average molecular weight of the resin particles
1s not particularly limited and may be appropnately selected
depending on the intended purpose, but 1s preferably 9,000 to
200,000. When the weight average molecular weight thereof
1s lower than 9,000, the obtained toner may be degraded 1n
heat resistance storage stability. Whereas when 1t 1s higher
than 200,000, the obtained toner may be degraded in low-
temperature fixability.

The average particle diameter of the resin particles 1s pred-
erably 5 nm to 200 nm, more preferably 20 nm to 150 nm.
The amount of the resin particles 1s not particularly limited
and may be appropriately selected depending on the intended
purpose, but 1s preferably 0.5% by mass to 5.0% by mass.
When the amount thereot 1s less than 0.5% by mass, 1t may be
difficult to control the surface hardness and the fixability of
cach toner of the toner set. Whereas when it 1s more than 5.0%
by mass, the resin particles prevent the wax from exuding,
potentially causing offset.

—External Additive—

The external additive 1s not particularly limited and may be
appropriately selected depending on the intended purpose.
Examples thereol include silica particles, hydrophobized
silica particles, titanium oxide particles, hydrophobized tita-
nium oxide particles and alumina particles. Among them,
silica particles, titantum oxide particles and hydrophobized

titanium oxide particles are preferred.
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The silica particles may be commercially available prod-
ucts. Examples thereof include R972 and R974 (product of
AEROSIL Japan).

Examples of the titammum oxide particles include P-25
(product of AEROSIL Japan), STT-30, STT-65C-S (these
products are of Titan Kogyo, Ltd.), and MT-600B, MT-150A
(these products are of TAYCA Corporation).

Examples of the hydrophobized titanium oxide particles
include T-805 (product of AEROSIL Japan), STT-30A, STT-
655-S (these products are of Titan Kogyo, Ltd.), and TAF-
S00T, TAF-1500T (these products are of Fuj1 Titanmium Indus-
try Co., Ltd.).

The hydrophobized silica particles, hydrophobized tita-
nium oxide particles and hydrophobized alumina particles
can be obtained by, for example, treating hydrophilic particles
with a silane coupling agent such as methyltrimethoxysilane,
methyltriethoxysilane or octyltrimethoxysilane. In addition,
suitably used are silicone oil-treated oxide particles or sili-
cone oil-treated inorganic particles which are obtained by
treating inorganic particles with silicone-oil, 1f necessary
with heating.

Examples of the silicone o1l include dimethyl silicone oil,
methylphenyl silicone oi1l, methylhydrogen silicone oil,
alkyl-modified silicone o1l and fluorine-modified silicone o1l.
Examples of the morganic particles include silica, alumina,
titanium oxide, barium titanate, magnesium titanate, calcium
titanate and strontium titanate. Among them, silica and tita-
nium oxide are particularly preferred.

The amount of the external additive 1s not particularly
limited and may be appropnately selected depending on the
intended purpose, but 1s preterably 0.1% by mass to 5% by
mass, more preferably 0.3% by mass to 3% by mass relative
to that of each toner of the toner set.

The average particle diameter of primary particles of the
inorganic particles 1s not particularly limited and may be
appropriately selected depending on the intended purpose,
but 1s preferably 100 nm or less, more preferably 3 nm to 70
nm. When the average particle diameter of primary particles
of the 1norganic particles 1s less than 3 nm, the mmorganic
particles are embedded in each toner of the toner set, making,
it difficult for them to effectively exhibit their functions.
Whereas when the average particle diameter of primary par-
ticles of the mnorganic particles 1s more than 100 nm, the

inorganic particles may unevenly scratch a surface of a pho-
toconductor.
—Flowability Improving Agent—

The flowability improving agent refers to an agent capable
of improving hydrophobic properties through surface treat-
ment and preventing degradation of flowability and charge-
ability even under high humidity environment. Examples
thereol include silane coupling agents, silylation agents,
silane coupling agents having a fluorinated alkyl group, orga-
notitanate coupling agents, aluminum coupling agents, sili-
cone o1ls, and modified silicone o1ls.

—Cleanability Improving Agent—

The cleanability improving agent 1s added to the toner for
removing each toner of the toner set remaining after transier
on a photoconductor and primary transfer medium. Examples
of the cleanability improving agent include stearic acid, metal
salts of fatty acids such as zinc stearate and calcium stearate,
polymer particles formed by soap-iree emulsion polymeriza-
tion, such as polymethyl methacrylate particles and polysty-
lene particles. The polymer particles preferably have a rela-
tively narrow particle size distribution. It 1s preferable that the
volume average particle diameter thereof be 0.01 um to 1 um.
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—Magnetic Material—

The magnetic matenial 1s not particularly limited and may
be appropriately selected depending on the intended purpose.
Examples thereof include 1iron powder, magnetite and ferrite.
It 1s preferably white in terms of color tone.
<Production Method of Toner Set>

A production method of the chromatic toner and transpar-
ent toner of the toner set 1s not particularly limited and may be
appropriately selected from conventionally known produc-
tion methods of toner depending on the intended purpose.
Examples thereof include a kneading pulverization method, a
polymerization method, a dissolution suspension method,
and a spray granulation method.
<<Kneading Pulverization Method>>

In the kneading pulverization method, base particles of
cach toner of the toner set are produced by melt kneading
toner materials of each toner of the toner set contaiming, for
example, at least a binder resin and a releasing agent to obtain
a kneaded mixture, and pulverizing the kneaded mixture into
particles and then classitying the particles. In the melt knead-
ing, the toner materials of each toner of the toner set are
mixed, and the mixture 1s placed 1n a melt-kneader and melt-
kneaded. As the melt-kneader, single-screw or double-screw
continuous kneaders and batch kneaders using roll mill can be
used. For example, K'TK type double-screw extruder (product

of KOBE STEEL, LTD.); TEM type double-screw extruder
(product of TOSHIBA MACHINE CO., LTD.); double-screw
extruder (product of KCK Co., Ltd.); PCM type double-screw
extruder (product of Ikegai Corp.); or Co-kneader (product of
Buss Co.) are preferably used. The melt kneading 1s prefer-
ably carried out under appropriate conditions so as not to cut
off molecular chains of the binder resin. Specifically, the melt
kneading temperature 1s set with reference to the softening
point of the binder resin. If the melt kneading temperature 1s
excessively higher than the softening point of the binder resin,
molecular chains of the binder resin are strongly cut off, and
if 1t 15 excessively lower than the softening point of the binder
resin, the toner materials may not be progressively dispersed.

In the pulvernization, the kneaded mixture obtained 1n the
kneading treatment 1s pulverized. It 1s preferable that firstly,

the kneaded mixture 1s coarsely crushed, and then finely
pulverized. On this occasion, the kneaded mixture 1s prefer-
ably pulverized by being crashed to a collision board 1n a jet
stream, being crashed to each other 1n a jet stream, or pulver-
1zed 1n a narrow gap between a mechanically rotating rotator
and a stator.

In the classification, the pulverized product obtained 1n the
pulverization 1s classified so as to obtain particles having a
predetermined particle size. The classification can be carried
out by removing fine particles with the use of a cyclone, a
decanter, or a centrifuge separator. After completion of the
pulverization and classification, the pulverized product 1s
classified 1n an air stream using a centrifugal force, thereby
base particles of each toner of the toner set having predeter-
mined particle size can be produced.

Subsequently, external additives are added to the base par-
ticles of each toner of the toner set. By mixing and stirring the
base particles of each toner of the toner set and external
additives 1n a mixer, surfaces of the base particles of each
toner of the toner set are coated with the external additives
while the external additives being cracked. On this occasion,
it 1s 1important, 1n terms of durability, to make external addi-
tives such as morganic particles and resin particles uniformly
and tightly adhere to the base particles of each toner of the
toner set.
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<<Production Method of Toner Set in Aqueous Medium>>

The chromatic toner and the transparent toner of the toner
set 1s preferably produced by a granulation method 1n which
cach toner of the toner set 1s granulated 1n aqueous medium 1n
that the resultant toner has sharper particle size distribution
than the toner produced by the pulverization method and has
improved image uniformity. The granulation method 1s pret-
erably performed by removing an organic solvent from an
O/W type dispersion liquid 1n which o1l phase containing at
least a binder resin and a releasing agent dissolved 1n the
organic solvent are dispersed 1n aqueous medium, to thereby
granulate each toner of the toner set. Specifically, the granu-
lation method includes an o1l phase preparation step, an aque-
ous phase preparation step, a toner set dispersion liquid
preparation step, and a solvent removal step; and, if neces-
sary, Turther includes other steps.
<<O1l Phase Preparation Step>>

The o1l phase preparation step 1s not particularly limited
and may be appropriately selected depending on the intended
purpose so long as it 1s a step ol dissolving or dispersing, 1n an
organic solvent, an active hydrogen group-containing com-
pound, a binder resin precursor containing a site reactive with
the active hydrogen group-containing compound, a binder
resin containing a non-crystalline resin and a crystalline resin,
a releasing agent and, in the case of the chromatic toner, a
colorant, to thereby prepare a solution or dispersion liquid.

The o1l phase preparation step 1s performed by, for
example, a method 1n which an active hydrogen group-con-
taining compound, a binder resin precursor containing a site
reactive with the active hydrogen group-containing com-
pound, a binder resin containing a non-crystalline resin and a
crystalline resin, a releasing agent, and an optionally used
colorant and charge-controlling agent are gradually added to
the organic solvent under stirring to dissolve or disperse them
in the organic solvent.

In the case of the chromatic toner, when a pigment 1s used
as the colorant or when ingredients poorly dissolvable 1n the
organic solvent such as the charge-controlling agent are
added to the organic solvent, these ingredients are preferably
micronized prior to the addition of them to the organic sol-
vent.

The formation of the colorant into a masterbatch 1s one
suitable method, and the same method can be applied to the
ester wax and the charge-controlling agent.

In the case of the chromatic toner, after the colorant, the
releasing agent and the optionally used charge-controlling
agent which have been dispersed by the above method are
dissolved or dispersed 1n the organic solvent together with the
active hydrogen group-containing compound, the binder
resin precursor containing the site reactive with the active
hydrogen group-containing compound and the binder resin,
the resultant solution or dispersion liqud may turther be
dispersed. This dispersion can be performed using a known
C isperser such as a beads mill or a disc mall.

Also, 1 order to 1increase the mechanical strength of each
toner of the toner set and prevent high- -lemperature offset
during fixing, each toner of the toner set 1s preferably pro-
duced 1n a state where the binder resin precursor containing
the site reactive with the active hydrogen group-containing
compound has been dissolved in the o1l phase; 1.e., 1n a state
where the o1l phase contains the active hydrogen group-con-
taining compound and the binder resin precursor.

The organic solvent used in the o1l phase preparation step 1s
not particularly limited and may be appropriately selected
depending on the intended purpose. The organic solvent pret-
erably has the boiling point of lower than 100° C. since such
organic solvent can easily be removed. Examples of such
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organic solvent include toluene, xylene, benzene, carbon tet-
rachloride, methylene chlornide, 1,2-dichloroethane, methyl
acetate, ethyl acetate, methyl ethyl ketone and methyl 1sobu-
tyl ketone. These may be used alone or in combination.

When the binder resin to be dissolved or dispersed 1n the
organic solvent 1s a resin having a polyester skeleton, use of
ester solvents such as methyl acetate, ethyl acetate and butyl
acetate, and ketone solvents such as methyl ethyl ketone and
methyl 1sobutyl ketone 1s preferred since they are excellent in
dissolution capability. Among them, particularly preferred
are methyl acetate, ethyl acetate and methyl ethyl ketone
since they can easily be removed.
<<Aqueous Phase Preparation Step>>

The agqueous phase preparation step 1s not particularly lim-
ited and may be appropriately selected depending on the
intended purpose so long as 1t 1s a step of preparing an aque-
ous phase.

The aqueous medium used 1n the aqueous phase prepara-
tion step 1s not particularly limited and may be appropnately
selected depending on the intended purpose. Example thereot
includes water. The aqueous medium may be water alone or a
mixture of water and a water-miscible organic solvent.
Examples of the water-miscible organic solvent include alco-
hols (e.g., methanol, 1sopropanol and ethylene glycol), dim-
cthylformamide, tetrahydrofuran, cellosolves (e.g., methyl
cellosolve) and lower ketones (e.g., acetone and methyl ethyl
ketone).

The aqueous medium preferably further contains a surfac-
tant.

The surfactant 1s not particularly limited and may be appro-
priately selected depending on the intended purpose.
Examples thereof include anionic surfactants such as alkyl-
benzenesulionic acid salts, c.-olefin sulfonic acid salts, phos-
phoric acid esters and disulfonic acid salts; cationic surfac-
tants such as alkyl amine salts, aminoalcohol fatty acid
derivatives, polyamine fatty acid derivatives and quaternary
ammonium salts (e.g., benzethonium chloride); and ampho-
teric surfactants such as fatty acid amide dervatives. Among,
them, 1n order to efficiently disperse o1l droplets containing
the solvent, disulfonic acid salts having a relatively high HLLB
are preferred.

The amount of the surfactant in the aqueous medium 1s not
particularly limited and may be approprately selected
depending on the intended purpose. The concentration of the
surfactant 1n the aqueous medium 1s preferably 3% by mass to
10% by mass, more preferably 4% by mass to 9% by mass,
particularly preferably 5% by mass to 8% by mass. When the
concentration thereol 1s lower than 3% by mass, the o1l drop-
lets cannot be stably dispersed so as to form coarse o1l drop-
lets. When the concentration thereof 1s higher than 10% by
mass, each o1l droplet becomes too small or forms an inverted
micellar structure, so that the dispersion stability 1s con-
versely degraded due to the surfactant, potentially forming
coarse o1l droplets.
<<Toner Set Dispersion Liquid Preparation Step>>

The toner set dispersion liquid preparation step 1s not par-
ticularly limited and may be appropnately selected depend-
ing on the mtended purpose, so long as 1t 1s a step of dispers-
ing the o1l phase 1n the aqueous phase to thereby prepare an
emulsified dispersion liquid (i.e., a dispersion liqud of the
chromatic toner and the transparent toner of the toner set,
hereinafter may be referred to as a toner set dispersion liquid).

The dispersion method 1s not particularly limited and may
be appropriately selected depending on the intended purpose.
Examples thereof include a dispersion method using a known
disperser such as a low-speed shearing disperser, a high-
speed shearing disperser, a friction disperser, a high-pressure
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jet disperser or an ultrasonic disperser. Among them, disper-
sion using a high-speed shearing disperser 1s preferred 1n
order to form base particles of each toner of the toner set
having a particle diameter of 2 um to 20 um. In the case where
the high-speed shearing disperser 1s used, the rotation speed 1s
not particularly limited and may be appropriately selected
depending on the mtended purpose, but 1s preferably 1,000
rpm to 30,000 rpm, more preterably 5,000 rpm to 20,000 rpm.
The dispersion time 1s not particularly limited and may be
appropriately selected depending on the intended purpose,
butis preferably 0.1 min to 5 min 1n a batch method. When the
dispersion time exceeds 5 min, small particles remain or
excessive dispersion 1s performed to make the dispersion
system unstable, potentially forming aggregates and coarse
particles. The dispersion temperature 1s not particularly lim-
ited and may be appropnately selected depending on the
intended purpose, but i1s preferably 0° C. to 40° C., more
preferably 10° C. to 30° C. When the dispersion temperature
1s lower than 0° C., the dispersion 1s increased 1n viscosity to
require 1increased shearing energy for dispersing, potentially
leading to a drop in production efficiency. When 1t exceeds
40° C., molecular movements are excited to degrade disper-
s10n stability, potentially forming aggregates and coarse par-
ticles easily.

A dispersing agent may be used for emulsitying or dispers-
ing, 1n water-containing liquid, o1l phase containing material
of each toner of the toner set dispersed therein. Examples
thereot include anionic surfactants such as alkylbenzene-
sulfonic acid salts; cationic surfactants such as amine salts
(e¢.g., alkyl amine salts) and quaternary ammonium salts (e.g.,
alkyltrimethylammonium salts); nonionic surfactants such as
fatty acid amide dervatives; and amphoteric surfactants such
as alanine and dodecyldi(aminoethyl)glycine.

Also, use of a fluoroalkyl group-contaiming surfactant can
provide advantageous effects even in a considerably small
amount. Examples ol anionic surfactants containing a fluo-
roalkyl group include tluoroalkyl carboxylic acids having 2 to
10 carbon atoms or metal salts thereot, disodium perfluorooc-
tanesulfonylglutamate, sodium 3-[omega-fluoroalkyl (C6 to
C11) oxy]-1-alkyl (C3 or C4) sulionates, fluoroalkyl (C11 to
C20) carboxylic acids or metal salts thereot, pertluoroalkyl-
carboxylic acids (C7 to C13) or metal salts thereot, pertluo-
roalkyl (C4 to C12) sulfonate or metal salts thereof.

The anionic surfactants containing a fluoroalkyl group may
be commercially available products. Examples thereof
include SURFLON S-111, S-112 and S-113 (these products
are ol Asah1 Glass Co., Ltd.); FRORARD FC-93, FC-95,
FC-98 and FC-129 (these products are of Sumitomo 3M
Ltd.); UNIDYNE DS-101 and DS-102 (these products are of
Daikin Industries, Ltd.); MEGAFACE F-110, F-120, F-113,
F-191, F-812 and F-833 (these products are of DIC, Inc.);
EFTOP EF-102,103,104,105,112,123A,123B,306A, 501,
201 and 204 (these products are of Tohchem Products Co.,
Ltd.); and FUTARGENT F-100 and F150 (these products are
of NEOS COMPANY LIMITED).

Examples of cationic surfactants containing a fluoroalkyl
group include fluoroalkyl group-containing primary, second-
ary or tertiary aliphatic amine acids, aliphatic quaternary
ammonium salts (e.g., pertluoroalkyl (C6 to C10) sulfona-
mide propyltrimethylammonium salts), benzalkonium salts,
benzetonium chloride, pyridimum salts and imidazolinium
salts.

The cationic surfactants containing a fluoroalkyl group
may be commercially available products. Examples thereof
include SURFLON 5-121 (product of Asahi Glass Co., Ltd.);
FRORARD FC-135 (product of Sumitomo 3M Ltd.); UNI-
DYNE DS-202 (product of Daikin Industries, Ltd.); MEGA.-
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FACE F-130 and F-824 (these products are of DIC, Inc.);
EFTOP EF-132 (product of Tohchem Products Co., Ltd.); and
FUTARGENT F-300 (product of Neos COMPANY LIM-
ITED).

Examples of poorly water-soluble inorganic dispersing
agents include tricalcium phosphate, calctum carbonate, tita-
nium oxide, colloidal silica and hydroxyapatite.

Further, a polymeric protective colloid or water-insoluble
organic particles may be used to stabilize liquid droplets.
Examples thereof include acids (e.g., acrylic acid, meth-
acrylic acid, fumaric acid, maleic acid and maleic anhydride);
hydroxyl group-containing (meth)acrylic monomers (e.g.,
B-hydroxyethyl acrylate, {-hydroxyethyl methacrylate,
B-hydroxypropyl acrylate, p-hydroxypropyl methacrylate
and v-hydroxypropyl acrylate); vinyl alcohol or ethers thereof
(e.g., vinyl methyl ether and vinyl ethyl ether); esters formed
between vinyl alcohol and a carboxyl group-containing com-
pound (e.g., vinyl acetate and vinyl butyrate); acrylamide,
methacrylamide, diacetoneacrylamide and methylol com-
pounds of thereol, acid chlorides (e.g., acrylic acid chloride
and methacrylic acid chloride); homopolymers or copoly-
mers such as nitrogen-containing compounds or nitrogen-
containing heterocyclic compounds (e.g., vinyl pyridine,
vinyl pyrrolidone, vinyl imidazole and ethyleneimine); poly-
oxyethylenes (e.g., polyoxyethylenes, polyoxypropylenes,
polyoxyethylene alkyl amines, polyoxypropylene alkyl
amines ); and celluloses (e.g., methyl cellulose, hydroxyethyl
cellulose and hydroxypropyl cellulose).

When an acid- or alkali-soluble compound (e.g., calcium
phosphate) 1s used as a dispersion stabilizer, the calcium
phosphate 1s dissolved with an acid (e.g., hydrochloric acid),
followed by washing with water, to thereby remove 1t from
the formed particles. Also, the calcium phosphate may be
removed through enzymatic decomposition.

Alternatively, when using the dispersing agent, the dispers-
ing agent may remain on the surfaces of each toner of the
toner set. However, the dispersing agent 1s preferably
removed through washing after reaction 1n terms of charge-
ability of each toner of the toner set.

The amount of the organic solvent contained in the toner
set dispersion liquid 1s not particularly limited and may be
appropriately selected depending on the intended purpose,
but 1s preferably 10% by mass to 70% by mass, more prefer-
ably 25% by mass to 60% by mass, particularly preferably
40% by mass to 55% by mass.

Notably, the amount of the organic solvent contained 1n the
toner set dispersion liquid 1s an amount relative to the amount
of the solid matter (e.g., the binder resin, the colorant, the
releasing agent and, 1f necessary, the charge-controlling
agent) 1n the toner set dispersion liquid.
<<Solvent Removal Step>>

The solvent removal step 1s not particularly limited and
may be appropriately selected depending on the intended
purpose so long as it 1s a step of removing the organic solvent
contained 1n the toner set dispersion liquid. The solvent
removal step 1s preferably a step of completely removing the
organic solvent contained in the toner set dispersion liquid. In
one employable means, the toner set dispersion liquid is
gradually increased in temperature with stirring, to thereby
completely evaporate oif the organic solvent contained in the
liquid droplets. In another employable means, the toner set
dispersion liquid 1s sprayed toward a dry atmosphere with
stirring, to thereby completely remove the organic solvent
contained in the liquid droplets. In still another employable
means, the toner set dispersion liquid 1s reduced in pressure
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with stirring to thereby evaporate oif the organic solvent. The
latter two means may be used 1n combination with the first
means.

The dry atmosphere toward which the toner set dispersion
liquid 1s sprayed is not particularly limited and may be appro- >
priately selected depending on the intended purpose.
Examples thereof include heated gas such as air, nitrogen,
carbon dioxide gas and combustion gas.

The temperature of the dry atmosphere 1s not particularly
limited and may be appropnately selected depending on the
intended purpose. It 1s preferably a temperature equal to or
higher than the highest boiling point of the solvents used.

The spraying 1s performed with, for example, a spray dryer,
a belt dryer or a rotary kiln. Use of1t can give a product having
satisfactory quality 1n a short time.
<<Other Steps>>

The other steps are not particularly limited and may be
approprately selected depending on the intended purpose.
Examples thereof include an aging step, a washing step and a »g
drying step.

—Aging Step—

When the o1l phase contains the polyester resin containing,
the functional group reactive with the active hydrogen group
of the active hydrogen group-containing compound (prepoly- 25
mer), an aging step 1s preferably performed for proceeding
clongation and/or crosslinking reaction of the prepolymer.

The aging step 1s preferably performed after the solvent
removal step and before the washing step.

The aging time 1n the aging step 1s not particularly limited 30
and may be appropriately selected depending on the intended
purpose, but1s preferably 10 min to 40 hours, more preferably
2 hours to 24 hours.

The reaction temperature 1n the aging step 1s not particu-
larly limited and may be appropriately selected depending on 35
the intended purpose, but is preferably 0° C. to 65° C., more
preferably 35° C. to 50° C.

— Washing Step—

The washing step 1s not particularly limited and may be
approprately selected depending on the intended purpose, so 40
long as 1t 1s a step of washing each toner (base particles of
cach toner) contained 1n the toner set dispersion liquid sub-
sequent to the solvent removal step or the aging step.

The toner set dispersion liquid contains not only base par-
ticles of each toner of the toner set but also subsidiary mate- 45
rials such as the dispersing agent (e.g., the surfactant). Thus,
the toner set dispersion liquid 1s washed to separate only base
particles of each toner of the toner set from the toner set
dispersion liquud.

The washing method 1s not particularly limited and may be 50
appropriately selected depending on the intended purpose.
Examples thereof include a centrifugation method, a
reduced-pressure filtration method and a filter press method.
Any of the above methods forms a cake of base particles of
cach toner. When the base particles are not sufficiently 55
washed through only one washing process, the formed cake
may be dispersed again 1n an aqueous medium to form slurry,
which 1s repeatedly treated with any of the above methods to
taken out base particles of each toner. When a reduced-pres-
sure {iltration method or a filter press method 1s employed for 60
washing, an aqueous medium may be made to penetrate the
cake to wash out the subsidiary matenals contained in base
particles of each toner. The aqueous medium used for the
washing 1s water or a solvent mixture of water and an alcohol
such as methanol or ethanol. Water 1s preferably used from 65
the viewpoint of reducing cost and environmental load caused
by, for example, drainage treatment.
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—Drying Step—

The drying step 1s not particularly limited and may be
approprately selected depending on the intended purpose, so
long as 1t 1s a step of drying base particles of each toner of the
toner set aiter the washing step.

The washed base particles of each toner containing a large
amount of water are dried to remove the water, whereby only
base particles of each toner can be obtained.

The method of removing water from the base particles of
cach toner 1s not particularly limited and may be appropri-
ately selected depending on the intended purpose. Examples
thereol include methods using dryers such as a spray dryer, a
vacuum Ireezing dryer, a reduced-pressure dryer, a ventila-
tion shelf dryer, a movable shelf dryer, a fluidized-bed-type
dryer, a rotary dryer or a stirring-type dryer.

The removal of water 1s preferably performed until the
water content of the base particles of each toner 1s decreased
less than 1% by mass. Also, when the base particles of each
toner aiter the removal of water somewhat flocculate to cause
inconvenience 1n use, the tlocculated particles may be sepa-
rated from each other through beating using, for example, a
jet mill, HENSCHEL MIXER or a super mixer.
—Classitying Step—

In the case where the particle size distribution of the base
particles of each toner of the toner set 1n the emulsified and/or
dispersed liquid 1s broad, the particle size distribution of the
particles can be controlled by classification to have the pre-
determined particle size distribution. The classification may
be performed belore the drying step in liquid or after the
drying step, but the classification 1s preferably performed 1n
the liquid before the drying step from the viewpoint of high
production efficiency of each toner of the toner set.

Examples of the classitying method in the liquid include
removing line particles using, for example, a cyclone, a
decanter or a centrifuge.

The thus-removed unnecessary fine or coarse particles may
be returned to the kneading step, where the unnecessary fine
or coarse particles can be used for forming base particles of
cach toner of the toner set. In this case, the unnecessary fine or
coarse particles may be 1n a wet state.

The dispersing agent used 1s preferably removed from the
obtained emulsified and/or dispersed liquid to the greatest
extent possible. The dispersing agent 1s may be removed at
the same time as the classifying step.
<Addition Step of External Additive>

The thus obtained post-dried base particles of each toner of
the toner set are mixed with other ingredients such as a
charge-controlling agent, an external additive, a flowabaility
improving agent and a cleanability improving agent and
mechanical impact 1s applied to the resultant mixture, so that
the foreign particles are fixed or fused on surfaces of the base
particles of each toner of the toner set, to thereby prevent the
foreign particles from being extoliated from the surfaces of
the toner.

Examples of the specific means include a method in which
an 1mpact 1s applied to a mixture which contains the base
particles of each toner of the toner set and the other imgredi-
ents using a high-speed rotating blade and a method 1n which
a mixture 1s caused to pass through a high-speed airflow for
acceleration, and aggregated or complex toner base particles
of each toner are crushed against an appropriate collision
plate.

Apparatus used for the addition step of the external addi-
tive 1s not particularly limited and may be appropnately
selected depending on the intended purpose. Example thereot
include ONGMILL (product of Hosokawa Micron Corp.), an

apparatus produced by modifying an I-type mill (product of
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Nippon Neumatic Co., Ltd.) so that the pulverizing air pres-
sure thereof 1s decreased, HYBRIDIZATION SYSTEM

(product of Nara Machinery Co., Ltd.), CRYPTRON SYS-
TEM (production of Kawasaki Heavy Industries, LLtd.) and an
automatic mortar.

The volume average particle diameter of the transparent
toner of the toner set of the present invention 1s not particu-
larly limited and may be appropriately selected depending on
the mntended purpose, but 1s preferably 3 um to 7 um, more
preferably 4 um to 6 um.

When the volume average particle diameter 1s less than 3
um, a cleaning failure may be caused, leading to degradation
of image quality. When the volume average particle diameter
1s more than 7 um, the transparent toner 1s degraded 1n homo-
geneity, potentially leading to unevenness of 1mage glossi-
ness.

Meanwhile, the ratio of the volume average particle diam-
cter (Dv) to the number average particle diameter (Dn) (Dv/
Dn) of the transparent toner 1s not particularly limited and
may be appropriately selected depending on the intended
purpose, but i1s preferably 1.3 or less, more preferably 1.2 or
less. When the ratio (Dv/Dn) 1s more than 1.3, image glossi-
ness may be uneven.

The volume average particle diameter of the chromatic
toner of the toner set of the present invention 1s not particu-
larly limited and may be appropnately selected depending on
the intended purpose, but 1s preferably 3 um to 8 um, more
preferably 4 um to 7 um.

Meanwhile, the ratio of the volume average particle diam-
cter (Dv) to the number average particle diameter (Dn) (Dv/
Dn) of the chromatic toner 1s not particularly limited and may
be appropriately selected depending on the intended purpose,
but 1s preferably 1.3 or less, more preferably 1.2 or less.

The particle size distribution of the transparent toner and
the chromatic toner of the toner set 1s measured using, for
example, a particle size measuring device MULTISIZER 111
(product of Beckman Coulter, Inc.)

The toner set of the present invention 1s excellent in hot
offset resistance. Additionally, the toner set can simulta-
neously achieve high glossiness and satisfactory fixability.
Therefore, the toner set 1s suitably used 1n a developer set and
an 1mage forming apparatus of the present invention
described below.

(Developer Set)

A developer set of the present invention contains the toner
set of the present invention and carriers.
—Carrier—

The carrier 1s not particularly limited and may be appro-
priately selected depending on the mtended purpose, but 1s
preferably a carrier containing a core material and a resin
layer covering the core matenal.

The material of the core material 1s not particularly limited
and may be approprately selected from known materials. For
example, 1t 1s preferable to employ manganese-strontium
(Mn—Sr) materials or manganese-magnesium (Mn—Mg)
maternals of 50 emu/g to 90 emu/g. Furthermore, 1t 1s prefer-
able to employ high magnetization materials such as iron
powder (100 emu/g or more) or magnetite (75 emu/g to 120
emu/g) for the purpose of securing 1image density. Moreover,
it 1s preferable to employ low magnetization materials such as
copper-zinc (Cu—Z7n) (30 emu/g to 80 emu/g) because the
impact toward the latent electrostatic image bearing member
having the toner 1n the chain-like form can be relieved and
because it 1s advantageous for higher image quality. These
may be used alone or 1n combination.

The core preferably has the average particle diameter (vol-
ume average particle diameter (D<,)) of 10 um to 200 um,
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more preferably 40 um to 100 um. When the average particle
diameter (volume average particle diameter (D)) 1s less than
10 um, the amount of fine powder increases 1n the carrier,
whereas magnetization per particle decreases and carrier
scattering may occur. When 1t 1s greater than 200 um, the
specific surface area of the carrier decreases and thus toner
scattering may occur. As a result, in the case of printing a
full-color 1mage having many solid portions, especially
reproducibility of the solid portions may decrease.

The material for the resin layer 1s not particularly limited
and may be appropnately selected from known resins
depending on the intended purpose. Examples thereof
include amino resins, polyvinyl resins, polystyrene resins,
halogenated olefin resins, polyester resins, polycarbonate res-
ins, polyethylene resins, polyvinyl fluoride resins, polyvi-
nylidene fluoride resins, polytrifluoroethylene resins, poly-
hexafluoropropylene resins, copolymers formed of
vinylidene fluoride and acrylic monomers, copolymers
formed of vinylidene fluoride and vinyl fluoride, fluoroter-
polmers (tr1 or multiple-tfluoride copolymers) such as terpoly-
mers formed of tetratluoroethylene, vinylidene fluoride and
non-tluorinated monomers, and silicone resins. These may be
used alone or 1n combination. Among them, silicone resins
are particularly preferable.

The silicone resins are not particularly limited and may be
appropriately selected from known resins depending on the
intended purpose. Examples thereof include straight silicone
resins consisting of organosiloxane bonds and modified sili-
cone resins modified by alkyd resin, polyester resin, epoxy
resin, acrylic resin or urethane resin.

The straight silicone resins may be commercially available
products. Examples thereof include: KR271, KR2355, KR152
(these products are of Shin-FEtsu Chemical Co., Ltd.); and
SR2400, SR2406, SR2410 (these products are of Dow Corn-
ing Toray Co., Ltd.).

Also, the modified silicone resins may be commercially
available products. Examples thereof include: KR206 (alkyd-
modified), KR3208 (acryl-modified), ES100IN (epoxy-
modified), and KR305 (urethane modified) (these products
are of Shin-Etsu Chemical Co., Ltd.); and SR2115 (epoxy-
modified) and SR2110 (alkyd-modified) (these products are
of DOW CORNING TORAY SILICONE CO., LTD.)

Here, the silicone resins may be used alone, but 1t may be
used 1n combination, for example, with a crosslinking com-
ponent or a charge controlling component.

If necessary, the resin layer may further contain, for
example, electroconductive powder. Examples of the electro-
conductive powder include metal powder, carbon black, tita-
nium oxide, tin oxide and zinc oxide.

The average particle diameter of the electroconductive
powder 1s preferably 1 um or less. When the average particle
diameter 1s 1 excess of 1 um, electrical resistance may be
difficult to control.

The resin layer may be formed, for example, as follows.
Specifically, the silicone resin and other matenials are dis-
solved 1n a solvent to prepare a coating liquid, and then the
thus-prepared coating liquid 1s uniformly coated on the sur-
face of the core material with a known coating method, fol-
lowed by drying and then baking. Examples of the coating
method include immersion coating methods, spray methods
and brush coating methods.

The solvent 1s not particularly limited and may be appro-
priately selected depending on the intended purpose.
Examples thereol include toluene, xylene, methyl ethyl
ketone, methyl 1sobutyl ketone, cellosolve and butyl acetate.

The baking method 1s not particularly limited and may be
appropriately selected depending on the intended purpose. It
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may be an external or internal heating method. Examples of
the baking method include methods employing a fixed-type
clectric furnace, a fluid-type electric furnace, a rotary electric
furnace or a burner furnace; and methods employing micro-
wave radiation.

The amount of the resin layer 1n the carrier 1s preferably
0.01% by mass to 5.0% by mass. When the amount thereof 1s
less than 0.01% by mass, a uniform resin layer may not be
formed on the surface of the core material. Whereas when it 1s
more than 5.0% by mass, the formed resin layer becomes so
thick that adhesion between carrier particles occurs, poten-
tially resulting 1n failure to form uniform carrier particles.

The amount of the carrier contained 1n the developer set 1s
not particularly limited and may be appropriately selected
depending on the intended purpose, but is preferably 90% by
mass to 98% by mass, more preferably 93% by mass to 97%
by mass.

In the developer set, the mixing ratio of each toner of the
toner set to the carrier 1s generally 1 part by mass to 10 parts
by mass of the toner, per 100 parts by mass of the carrier.
(Image Forming Apparatus and Image Forming Method)

An 1mage forming apparatus of the present mvention
includes a latent electrostatic image bearing member, a charg-
ing unit, an exposing unit, a developing unit, a transfer unit
and a fixing unit; and may further include a cleaming unait, and,
il necessary, appropriately selected other units such as a
charge-eliminating unit, a recycling unit and a controlling
unit. Notably, the charging unit and the exposing unit are
collectively referred to as “latent electrostatic image forming
unit.”

An 1mage forming method of the present nvention
includes a charging step, an exposing step, a developing step,
a transier step and a fixing step; and may further imnclude a
cleaning step, and, if necessary, appropriately selected other
steps such as a charge-eliminating step, a recycling step and a
controlling step. Notably, the charging step and the exposing
step are collectively referred to as “latent electrostatic image
forming step.”

According to the image forming apparatus and image
forming method of the present invention, the toner set of the
present invention can be used to easily form a color 1image
having different glossiness at only a desired region.

The 1image forming method of the present invention can
suitably be performed by the image forming apparatus of the
present invention, where the charging step can be performed
by the charging unit, the exposing step can be performed by
the exposing unit, the developing step can be performed by
the developing unit, the transfer step can be performed by the
transier unit, the fixing step can be performed by the fixing
unit, the cleaning step can be performed by the cleaning unait,
and the other steps can be performed by the other units.
<Latent Electrostatic Image Bearing Member>

The matenial, shape, structure and size of the latent elec-
trostatic 1mage bearing member are not particularly limited
and may be appropnately selected depending on the intended
purpose. Regarding the shape, it 1s, for example, in the form
of a drum, a sheet or an endless-belt. Regarding the structure,
it may have a monolayer structure or a laminated structure.
Regarding the size, it may be appropriately selected depend-
ing on, for example, size or spec of the image forming appa-
ratus. Regarding the material, 1t 1s, for example, an inorganic
photoconductor made of amorphous silicon, selenium, CdS,
or ZnO and an organic photoconductor (OPC) made of pol-
ysilane or phthalopolymethine.
<Charging Step and Charging Unit>

The charging step 1s a step of charging a surface of the
latent electrostatic 1mage bearing member and performed by
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a charging unit. The charging unit 1s not particularly limited
and may be appropriately selected depending on the intended
purpose, so long as 1t can apply a voltage to and uniformly
charge a surface of the latent electrostatic 1mage bearing
member. The charging unit 1s broadly classified into (1) a
contact type charging unit configured to charge the latent
clectrostatic 1image bearing member 1n a contact manner and
(2) a non-contact type charging unit configured to charge the
latent electrostatic image bearing member in a non-contact
mannet.

Examples of the contact type charging unit described in (1)
include an electroconductive or semi-electroconductive
charging roller, a magnetic brush, a fur brush, a film and a
rubber blade. Among them, the charging roller 1s preferred
because i1t allows for drastically reducing the amount of ozone
generation as compared with corona discharge type devices,
1s excellent 1n stability in repetitive use of the latent electro-
static 1mage bearing member, and 1s effective 1n preventing
image degradation. Examples of the non-contact type charg-
ing unit described 1n (2) imnclude a non-contact type charger
utilizing corona discharge, a needle electrode device, a solid
discharge element; and an electroconductive or semielectro-
conductive charging roller disposed while keeping a micro-
gap with respect to the latent electrostatic image bearing
member.
<Exposing Step and Exposing Unit>

The exposing step 1s a step of exposing a surface of the
charged latent electrostatic image bearing member and per-
formed by the exposing unit. The exposing can be performed
by, for example, imagewise exposing the surface of the latent
clectrostatic 1mage bearing member to light using the expos-
ing unit.

An optical system 1n the exposing 1s broadly classified into
an analog optical system and a digital optical system. The
analog optical system 1s an optical system 1n which a manu-
script 1s directly projected onto a latent electrostatic 1mage
bearing member. The digital optical system 1s an optical sys-
tem 1n which image information 1s given as electrical signals
which are then converted into light signals, and a latent elec-
trostatic image bearing member 1s exposed to the light signals
to thereby form an 1mage.

The exposing unit 1s not particularly limited and may be
approprately selected depending on the purpose, so long as 1t
attains desired 1magewise exposure on the surface of the
latent electrophotographic image bearing member charged
with the charging unit. Examples thereof include various
exposing devices such as a copy optical exposing device, a
rod lens array exposing device, a laser optical exposing
device, a liquid crystal shutter exposing device, and an LED
optical exposing device. In the present invention, light may be
imagewise applied from the side facing the support of the
latent electrostatic 1image bearing member.
<Developing Step and Developing Unit>

The developing step 1s a step of developing the latent
clectrostatic image with the toner set or the developer set of
the present mvention to thereby form a visible image. The
visible 1mage can be formed with the developing unit by, for
example, developing the latent electrostatic image using the
toner set or the developer set.

The order of developing with the transparent toner and the
chromatic toner on the recording medium 1s not particularly
limited and may be appropriately selected depending on the
intended purpose. For example, the developed may be per-
formed with the transparent toner and then with the chromatic
toner. Alternatively, the developed may be performed with the
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chromatic toner and then with the transparent toner. An image
(visible 1image) having suitable glossiness can be formed 1n
any order.

Further, the developing with the transparent toner may be
performed on an entire surface or only a desired region of the
recording medium, which makes 1t possible to form a visible
image on which some region has glossiness but other region
has no glossiness. Notably, use of the transparent toner in the
developing can provide glossiness to the recording medium.
Accordingly, an 1mage forming apparatus using only the
transparent toner cannot form a visible image. Such recording,
medium having glossiness also falls within the scope of the
present invention.

The developing unit 1s not particularly limited and may be
approprately selected from known developing units depend-
ing on the intended purpose, as long as it can perform devel-
oping using the toner set or the developer set. Suitable
example thereol includes those contain the toner set or the
developer set, and have at least a developing unit which can
provide the toner set or the developer set to the latent electro-
static 1image 1n a contact manner or non-contact mannetr.

The developing unit may employ a dry or wet developing,
process, and may be a single-color or multi-color developing,
device. Suitable examples of the developing unit include one
having a rotatable magnetic roller and a stirrer for charging
the toner set or the developer set with friction generated
during stirring.

In the developing unit, the toner set and the carrier are
stirred and mixed so that the toner 1s charged by iriction
generated therebetween. The charged toner 1s retained 1n the
chain-like form on the surface of the rotating magnetic roller
to thereby form magnetic brushes. The magnetic roller 1s
disposed proximately to the latent electrostatic image devel-
oping member and thus, some of the toner set forming the
magnetic brushes on the magnet roller are transierred onto the
surface of the latent electrostatic image developing member
by the action of electrically attractive force. As a result, the
latent electrostatic image 1s developed with the toner set to
form a visual toner image on the surface of the latent electro-
static image developing member.

The developer set contained 1n the developing unit 1s a
developer set containing the toner set.
<Transter Step and Transfer Unit>

The transier step 1s a step of transterring the visible image
onto a recording medium, and performed by the transfer unait.
The transfer unit 1s broadly classified into a transfer unit
configured to directly transier a visible 1mage formed on a
latent electrostatic 1mage bearing member onto a recording
medium, and a transfer unit configured to primarily transier a
visible image onto an intermediate transier medium and then
secondarily transfer the wvisible 1mage onto the recording
medium.

For example, the transferring of the visible image can be
performed with the transfer unit by charging the latent elec-
trostatic image bearing member with a transfer charger. Suit-
able aspect of the transfer unit includes those having a pri-
mary transier unit configured to transier a visible image to an
intermediate member to form a composite transfer image; and
a secondary transier unit configured to transier the composite
transier image onto a recording medium.

The intermediate transier member 1s not particularly lim-
ited and may be appropriately selected from known transfer
members depending on the intended purpose. Examples
thereol include a transfer belt or a transier roller.

The transier unit (the primary transier unit and the second-
ary transier unit) preferably includes at least a transier device
which transiers the visible images formed on the latent elec-
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trostatic 1image bearing member onto the recording medium
through charging. The number of the transier device may be
one or two or more. Examples of the transfer device include a
corona transfer device employing corona discharge, a transfer
belt, a transier roller, a pressing transfer roller and an adhesive
transfer device.

The recording medium 1s typically plane paper, but 1t 1s not
particularly limited and may be appropnately selected
depending on the intended purpose so long as 1t can receive an
unfixed image after developing. PET bases for OHP can also
be used as the recording medium.
<Fixing Step and Fixing Unit >

The fixing step 1s a step of fixing the transferred visible
image on a recording medium using a {iIxing unit.

The fixing unit 1s not particularly limited and may be
appropriately selected depending on the intended purpose,
however, a fixing device having fixing members and a heat
source for heating the fixing member 1s preferably used.

The fixing member 1s not particularly limited and may be
approprately selected depending on the intended purpose, as
long as i1t can be in contact with each other to form a nip.
Examples of the fixing members include a combination of an
endless belt and a roller, and a combination of a roller and a
roller. In view of shorter warm-up period and energy saving,
a combination of an endless belt and a roller or induction
heating where the transferred 1mage 1s heated from the sur-
faces of fixing members, 1s preferably employed.

In the fixing step, the toner 1mage 1s transierred onto the
recording medium, the recording medium having the image
may be passed through the nip to thereby fix the image on the
recording medium. Alternatively, the 1mage may be trans-
ferred and also fixed on the recording medium simulta-
neously at the nip. The nip 1s formed by contacting at least two
fixing members each other.

In addition, the fixing step may be performed for each color
toner at every transierring onto the recording medium or may
be performed for color toner 1images all together in a state
where all the color toner 1images are superimposed.

The fixing temperature of the toner (1.e. the surface tem-
perature of the fixing member heated by the heating unit) 1s
not particularly limited and may be appropriately selected
depending on the mntended purpose, but 1s preferably 100° C.
to 170° C., more preferably 120° C. to 160° C. When the
fixing temperature 1s lower than 100° C., 1t may result 1n
insuificient fixability, and when higher than 170° C., 1t 1s
undesirable in terms of energy saving.
<Cleaning Step and Cleaning Unit>

The cleaning step 1s a step of removing each toner of the
toner set remaining on the latent electrostatic image bearing,
member, and can be preferably performed by a cleaning unat.
In the case where the developing unit has a developer bearing
member that contacts with the surface of the latent electro-
static 1image bearing member; and develops a latent electro-
static image formed on the latent electrostatic image bearing
member as well as collects a residual toner remaining on the
latent electrostatic 1mage bearing member, then the cleaning
may be performed without the cleaning unit 1n a cleaning-less
mannet.

The cleaning unit 1s not particularly limited and may be
approprately selected from known cleaners, so long as 1t can
remove a residual remaiming on the latent electrostatic image
bearing member. Examples of the cleaning unit include a
magnetic blush cleaner, an electrostatic brush cleaner, a mag-
netic roller cleaner, a cleaning blade, a brush cleaner and a
web cleaner. Among them, cleaning blades are particularly
preferable from the viewpoint of high toner-removing ability,
compact size, and low cost.
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<Other Steps and Other Units>
—Charge-Eliminating Step and Charge-Eliminating Unit—

The charge-eliminating step is a step of applying a charge-
climinating bias to the latent electrostatic image bearing
member to eliminate charges thereof, and can be preferably
performed by a charge-eliminating unit. The charge-eliminat-
ing unit 1s not particularly limited and may be appropnately
selected from known charge-eliminating devices, so long as 1t
can apply a charge-eliminating bias to the latent electrostatic
image bearing member. Example thereof includes a charge-
climinating lamp.

—Recycling Step and Recycling Unit—

The recycling step 1s a step of recycling each toner of the
toner set removed 1n the cleaning step to the developing unat,
and can be preferably performed by a recycling unit. The
recycling unit 1s not particularly limited and may be, for
example, known conveying units.

—Controlling Step and Controlling Unmit—

The controlling step 1s a step of controlling each of the
above steps, and can be pretferably performed by a controlling
unit. The controlling unit 1s not particularly limited and may
be appropriately selected depending on the purpose, so long
as 1t can control the operation of each of the above units.
Examples thereot include devices such as a sequencer and a
computer.

In the present invention, high glossiness can be achieved as
tollows. Firstly, in a region where high glossiness 1s intended.,
a latent electrostatic image may be formed, developed, trans-
terred and fixed with each of the above umits using the chro-
matic toner and the transparent toner to thereby form a first
image. Then, on the first image, an additional latent electro-
static image may be formed, developed, transferred and fixed
with each of the above units using the transparent toner to
thereby form a second image. A region where the second
image has been formed with the transparent toner contains a
larger amount of the transparent toner and exhibits higher
glossiness than an area where the second 1image has not been
tformed with the transparent toner because 2 passes of a fixing
unit can supply suflicient quantity of heat and increase
smoothness of the resultant image surface.

Meanwhile, glossiness of the chromatic toner may be
selected depending on the intended purpose. When the chro-
matic toner has high glossiness, the transparent toner also
tends to have high glossiness, and thus a difference in glossi-
ness 1s decreased on the recording medium.

When the chromatic toner has low glossiness, a difference
in glossiness can be easily increased on the recording
medium, but high glossiness 1s difficult to be attained even
when superposing the transparent toner. Because, 1n the case
of the chromatic toner having low glossiness, a resin itself
contained in the chromatic toner tries to return to its original
state due to viscoelasticity, which causes micro-roughness on
a post-fixed 1mage surface.

Even when the chromatic toner has low glossiness, high
glossiness can be achieved by thickening a layer formed with
the transparent toner to thereby cover the micro-roughness
caused by the chromatic toner. Accordingly, image which has
various glossiness ranging from low glossiness to high glossi-
ness can be freely formed by using the chromatic toner having
low glossiness in combination with the transparent toner hav-

ing high glossiness and adjusting the thickness of a layer
formed with the transparent toner.

One embodiment for performing the image forming
method of the present invention using the image forming
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apparatus of the present invention now will be explained with
reference to the appended figures.

First Embodiment of Image Forming Apparatus and
Image Forming Method

FIG. 1 1s a schematic view of the whole 1image forming
apparatus. Firstly, image data are submitted to an image pro-
cessing portion 14, where 5 1image signals corresponding to'Y
(vellow), M (magenta), C (cyan), Bk (black) and transparent
are formed. Next, the image signals corresponding to Y, M, C,
Bk and transparent are transmitted from the 1image processing
portion 14 to an exposing unit 15. The exposing unit 15
modulates and scans 5 laser beams corresponding to'Y, M, C,
Bk and transparent, charges photoconductor drums (21, 22,
23, 24, 25) using charging units (31, 52, 53, 54, 55), and then
sequentially forms latent electrostatic images on the photo-
conductor drums. Here, for example, a first photoconductor
drum 21 corresponds to Bk, a second photoconductor drum
22 corresponds to Y, a third photoconductor drum 23 corre-
sponds to M, a fourth photoconductor drum 24 corresponds to
C and a fifth photoconductor drum 25 corresponds to trans-
parent.

Then, toner 1images of each color are formed on the photo-
conductor drums (21, 22, 23, 24, 25) using developing units
(31, 32, 33, 34, 35). Further, a recording medium which has
been fed from a paper feeding portion 16 1s conveyed on a
transier belt 70 serving as a transier umt, during which the
toner 1mages formed on the photoconductor drums (21, 22,
23, 24, 25) are sequentially transiferred onto the recording
medium using transier charges (61, 62, 63, 64, 65).

After completion of the transfer step, the recording
medium 1s conveyed to a fixing unit 80. At the fixing unit 80,
the transferred toner images are fixed on the recording
medium. After completion of the transfer step, a residue toner
remaining on the photoconductor drums (21, 22, 23, 24, 25) 1s
removed by cleaning units (41, 42, 43, 44, 45). Notably, a
numerical reference 17 i FIG. 1 denotes a second image
forming portion.

Second Embodiment of Image Forming Apparatus
and Image Forming Method

Next, the second embodiment of the image forming appa-
ratus and the image forming method will be explained.
According to the second embodiment, an 1mage having dif-
ferent glossinesses region by region can be obtained.

Firstly, in the same manner as in the first embodiment of the
image forming apparatus and the image forming method,
image data are submitted to the image processing portion 14,
where 5 1image signals corresponding to Y (yellow), M (ma-
genta), C (cyan), Bk (black) and transparent are formed.

Next, a first image partially having high glossiness 1is
formed at the image processing portion 14. The image signals
in a region where high glossiness 1s intended corresponding to
Y, M, C, Bk and transparent are transmitted to the exposing
umt 15. The exposing unit 15 modulates and scans 5 laser
beams corresponding to Y, M, C, Bk and transparent, charges
the photoconductor drums (21, 22, 23, 24, 25) using the
charging units (51, 52, 33, 54, 55), and then sequentially
forms latent electrostatic images on the photoconductor
drums. Here, for example, the first photoconductor drum 21
corresponds to Bk, the second photoconductor drum 22 cor-
responds to Y, the third photoconductor drum 23 corresponds
to M, the fourth photoconductor drum 24 corresponds to C
and the fifth photoconductor drum 25 corresponds to trans-
parent.
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Then, toner images of each color are formed on the photo-
conductor drums (21, 22, 23, 24, 25) using the developing
units (31, 32, 33, 34, 35). Further, a recording medium which
has been fed from the paper feeding portion 16 1s conveyed on
the transter belt 70 serving as a transter unit, during which the
toner 1mages formed on the photoconductor drums (21, 22,
23, 24, 25) are sequentially transferred onto the recording
medium using transfer charges (61, 62, 63, 64, 65).

After completion of the transfer step, the recording
medium 1s conveyed to a fixing unit 80. At the fixing unit 80,
the transferred toner images are fixed on the recording
medium.

After completion of the transfer step, a residue toner
remaining on the photoconductor drums (21, 22, 23, 24, 25) 1s
removed by cleaning units (41, 42, 43, 44, 45).

Then, the recording medium on which the toner images
have been fixed 1s conveyed to the second 1mage forming
portion 17 to form a second 1mage.

In forming the second 1mage, using image data processing,
image signals of a region where the first image has not been
formed and normal glossiness 1s imntended are transmitted to
an exposing unit 15, where images corresponding toY, M, C

and Bk (excluding transparent) are written on the photocon-
ductor drums (21, 22, 23, 24), developed and transierred 1n
the same manner as 1n the first image forming, and then again
fixed by the fixing unait.

Notably, an image forming with the transparent toner may
be performed, depending on the image data processing, by
attaching the transparent toner to a region having a low toner-
concentration on the recording medium; or by designating a
region where the transparent toner 1s intended to be attached
to thereby attach the transparent toner to an entire surface of
the recording medium or only a region which 1s considered to
as an 1mage portion.

In the 1image forming apparatus shown in FIG. 2 and the
image forming method using 1t, toner images formed on the
photoconductor drums (21, 22, 23, 24, 25) are transferred on
a transier drum 1n the same manner as in the first embodiment
in FI1G. 1. Then, the transferred image are further transferred
on the recording medium using a secondary transier unit 66,
and then fixed by the fixing unit 80.

In the first embodiment and the second embodiment, when
the transparent toner 1s intended to be superposed thickly, the
layer formed with the transparent toner placed on the transfer
drum 1s thickened, so that 1t becomes difficult for the layer to
be secondarnly transferred. Accordingly, the transfer belt may
be used instead of the transier drum.

In the present invention, the average thickness of the layer
of the transparent toner which 1s an uppermost layer of the
transierred visible image on the recording medium 1s prefer-
ably 1 um to 15 um after fixing of the transferred visible
image. When the average thickness 1s less than 1 um, high
glossiness may be difficult to achieve. When the average
thickness 1s more than 15 um, permeability 1s decreased and
the chromatic toner may be degraded 1n color reproducibility.

EXAMPLES

The present invention will next be described by way of
Examples, which should not be construed as limiting the
present invention thereto.
<Analysis Methods>

In the following Examples and Comparative Examples,
molecular weight, melting point, glass transition tempera-
ture, acid value and hydroxyl value were analyzed by the
below-described methods.
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<<Molecular Weight>>

The molecular weight was measured through gel perme-
ation chromatography (GPC). Specifically, a column was
conditioned 1n a heat chamber of 40° C. Then, tetrahydrofu-
ran (THF) as a solvent was caused to pass through the con-
ditioned column of the same temperature at a flow rate of 1
ml./min. Subsequently, a separately prepared THF sample
solution having a sample concentration of 0.05% by mass to
0.6% by mass was applied to the column 1n an amount of 50
ul. to 200 ulL.

In the measurement of the molecular weight of the sample,
the molecular weight distribution of the sample was deter-
mined based on the relationship between the logarithmic
value and the count number of a calibration curve given by
using several monodispersed polystyrene-standard samples.
The standard polystyrene samples used for giving the calibra-
tion curve were those available from Pressure Chemical Co.
or Tosoh Co., Ltd. each having a molecular weight of 6x10°,
2.1x10°, 4x10°, 1.75x10%, 5.1x10%, 1.1x10°, 3.9x10°, 8.6x
10°, 2x10° and 4.48x10°. It is proper to use at least about 10
standard polystyrene samples for giving the calibration curve.
The detector used was a refractive index (RI) detector.
<Melting Point and Glass Transition Temperature>

The melting point of the releasing agent, the melting point
of the crystalline polyester resin and the glass transition tem-
perature ol the non-crystalline polyester resin were measured
from a DSC curve obtained through differential scanning
calorimetry (DSC). Specifically, the DSC curve was obtained
using TA-60WS and DSC-60 (these products are of Shi-

madzu Corporation, Ltd.) under the following measurement
conditions.
[Measurement Conditions]
Sample container: aluminum sample pan (with a lid)
Sample amount: 5 mg
Reference: aluminum sample pan (alumina: 10 mg)
Atmosphere: nitrogen (flow rate: 50 mL/min)
Temperature condition:
Start temperature: 20° C.
Heating rate: 10° C./min

Finish temperature: 150° C.

Hold time: O

Cooling rate: 10° C./min
Finish temperature: 20° C.
Hold time: O
Heating rate: 10° C./min
Finish temperature: 150° C.

The measured results were analyzed using data analysis
soltware TA-60, version 1.52 (product of Shimadzu Corpo-
ration, Ltd.).

The analysis was performed by appointing a range of £5°
C. around a point presenting the maximum peak of a DrDSC
curve, which was a differential curve of the DSC curve 1n the
second heating, and by determining the peak temperature
using a peak analysis function of the data analysis software.
Then, the maximum endothermic temperature of the DSC
curve was determined 1n the range of the peak temperatures
+5° C. and -5° C. 1 the DSC curve using the peak analysis
function of the data analysis software. The temperature pre-
sented here corresponds to the melting point of the sample.

The glass transition temperature (IT'g) was defined as an
intersection point between the DSC curve and a straight line,
which passed through an intermediate point between base-
lines before and after appearance of the exothermic peak of
the main peak in the temperature range of 40° C. to 100° C. n
the heating.
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<<Acid Value>>

The acid value was measured according to the method of
JIS K0070-1992 1n the following manner.

A measurement sample (0.5 g) (0.3 g as an ethyl acetate
soluble matter) was added to toluene (120 mL), followed by
dissolving under stirring at 23° C. for about 10 hours. Then,
cthanol (30 mL ) was added to the resultant solution to prepare
a sample solution. Note that, when the measurement sample
was not dissolved, another solvent such as dioxane or tetrahy-
drofuran was used as a solvent. Furthermore, a potentiometric
automatic titrator (DL-53 Titrator, product of Mettler-Toledo
K.K.) and an electrode (DG113-SC, product of Mettler-To-
ledo K.K.) were used to measure the acid value at 23° C. and
analyze 1t using analysis software (LabX Light Version
1.00.000). Note that, the calibration for the apparatus was
performed using a solvent mixture of toluene (120 mL) and
cthanol (30 mL). The measurement conditions are as follows.

[Measurement Conditions]

Stirring conditions

Stirring speed [%0] 25
Stirring time [s] 15
Equilibrium titration conditions

Titrant CH,;0ONa
Concentration [mol/L] 0.1
Electrode DG115
Unit of measurement mV
Predispensing of titrant

Volume [mL] 1.0

Wait time [s] 0
Mode of titrant addition: Dynamic

dE (set) [mV] 8.0
dV (min) [mL] 0.03
dV (max) [mL] 0.5
Measurement mode: Equilibrium titration

dE [mV] 0.5
dt [s] 1.0
t (min) [s] 2.0
t (max) [s] 20.0
Recognition conditions

Threshold 100.0
Steepest jump only No
Range No
Frequency None
Termination conditions of measurement

Maximum volume [mL] of titrant 10.0
at potential No
at slope No
after number EQPs Yes
n 1
Comb. termination conditions No
Evaluation conditions

Procedure Standard
Potential 1 No
Potential 2 No
Stop for reevaluation No

The acid value of the crystalline resin can be calculated
with the above apparatus, specifically as follows. The pre-
pared sample solution was titrated with a pre-standardized
0.1N potassium hydroxide/alcohol solution. The acid value
was calculated from the following equation:

Acid value[KOHmg/g|=titration value[mL |x/Nx56.1
[mg/ml]/mass of measurement sample[g]
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where “N”" 1s a factor o1 0. 1N potassium hydroxide/alcohol
solution.

<<Hydroxyl Value>>

The hydroxyl value was measured according to the method
of JIS K0070-1966 1n the following manner.

Specifically, 0.5 g of a measurement sample was accurately
weighed 1n a 100 mL measuring flask, and then 5 mL of an
acetylation reagent was added thereto. Next, the measuring
flask was heated for 1 hour to 2 hours 1n a hot water bath set
to 100° C.£5° C., and was then taken out from the hot water
bath and left to cool. In addition, water was added to the
measuring flask, which was then shaken to decompose acetic
anhydride. Next, for completely decomposing acetic anhy-
dride, the flask was heated again 1n the hot water bath for 10
min or more and then left to cool. Thereafter, the wall of the
flask was thoroughly washed with an organic solvent.

Furthermore, a potentiometric automatic titrator (DL-33
Titrator, product of Mettler-Toledo K.K.) and an electrode
(DG113-SC, product of Mettler-Toledo K.K.) were used to
measure the hydroxyl value at 23° C. and analyze 1t using
analysis software (LabX Light Version 1.00.000). Note that,
the calibration for the above potentiometric automatic titrator
was performed using a solvent mixture of toluene (120 mL)
and ethanol (30 mL). The measurement conditions for the
hydroxyl value were the same as those for the acid value as
described above.

Production Example 1 of Chromatic Toner

—Synthesis of Non-Crystalline Polyester Resin 1—

A reaction container equipped with a condenser, a stirrer
and a nitrogen-introducing pipe was charged with bisphenol
A propylene oxide 3 mole adduct (781 parts by mass), tereph-
thalic acid (218 parts by mass), adipic acid (48 parts by mass),
and dibutyltin oxide (2 parts by mass). The resultant mixture
was allowed to react under normal pressure at 230° C. for 8
hours, and further react at a reduced pressure of 10 mmHg to
15 mmHg for 5 hours. Then, trimellitic anhydride (45 parts by
mass) was added to the reaction container, followed by reac-
tion under normal pressure at 180° C. for 2 hours, to thereby
obtain [non-crystalline polyester resin 1].

The obtained [non-crystalline polyester resin 1] was found
to have a number average molecular weight of 1,900, a weight
average molecular weight of 4,400, a glass transition tem-
perature (1g) ol 43° C., and an acid value of 25 mgKOH/g.
—Synthesis of Crystalline Polyester Resin 1—

A 5 L four-neck flask equipped with a nitrogen-introducing
pipe, a drainpipe, a stirrer and a thermocouple was charged
with 1,10-decanedioic acid (2,120 g), 1,8-octanediol (1,000
o), 1,4-butanediol (1,520 g) and hydroquinone (3.9 g), fol-
lowed by reaction at 180° C. for 10 hours. Thereatter, the
reaction mixture was allowed to react at 200° C. for 3 hours
and further react at 8.3 kPa for 2 hours, to thereby obtain
[crystalline polyester resin 1].

The obtained [crystalline polyester resin 1] was found to
have a weight average molecular weight of 15,000, a number
average molecular weight o1 4,000, and a melting point of 67°
C.

—Synthesis of Prepolymer—

A reaction container equipped with a condenser, a stirrer
and a nitrogen-introducing pipe was charged with bisphenol
A ethylene oxide 2 mole adduct (682 parts by mass), bisphe-
nol A propylene oxide 2 mole adduct (81 parts by mass),
terephthalic acid (283 parts by mass), trimellitic anhydride
(22 parts by mass ) and dibutyltin oxide (2 parts by mass). The
resultant mixture was allowed to react under normal pressure
at 230° C. for 8 hours and further react at a reduced pressure
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of 10 mmHg to 15 mmHg for 6 hours, to thereby obtain
[1intermediate polyester resin 1].

The [intermediate polyester resin 1] was found to have a
number average molecular weight ot 2,100, a weight average
molecular weight of 9,000, a glass transition temperature °

(Tg) of 58° C., an acid value 01 0.5 mgKOH/g and a hydroxyl
value of 51 mgKOH/g.

Next, a reaction container equipped with a condenser, a
stirrer and a mitrogen-introducing pipe was charged with the
[1intermediate polyester resin 1] (410 parts by mass), 1sophor-
one diisocyanate (89 parts by mass) and ethyl acetate (500
parts by mass), followed by reaction at 100° C. for 5 hours, to
thereby obtain [prepolymer 1]. The amount of free 1socyanate
contained in the obtained [prepolymer 1] was found to be

1.53% by mass.

—Synthesis of Ketimine—

A reaction container equipped with a stirring rod and a
thermometer was charged with i1sophorone diamine (170
parts by mass) and methyl ethyl ketone (75 parts by mass), 20
tollowed by reaction at 50° C. for 5 hours, to thereby obtain
[ketimine compound 1]. The amine value of the obtained
[ ketimine compound 1] was found to be 418.

—Preparation of Fine Organic Particle Emulsion—

A reaction container to which a stirring rod and a thermom- 25
cter had been set was charged with water (683 parts by mass),
a sodium salt of sultfuric acid ester of methacrylic acid-ethyl-
ene oxide adduct (ELEMINOL RS-30, product of Sanyo
Chemical Industries, Ltd.) (11 parts by mass), styrene (138
parts by mass), methacrylic acid (138 parts by mass) and
ammonium persulfate (1 part by mass), and the resultant
mixture was stirred at 400 rpm for 15 min to prepare a white
emulsion. The obtained emulsion was heated to 75° C. and
allowed to react for 5 hours. Subsequently, a 1% by mass
aqueous ammonium persulfate solution (30 parts by mass)
was added to the reaction mixture, followed by aging at 75° C.
for 5 hours, to thereby prepare an aqueous dispersion liquid
[ fine particle dispersion liquid 1] of a vinyl resin (a copolymer
ol styrene-methacrylic acid-sodium salt of sulfuric acid ester 4
of methacrylic acid ethylene oxide adduct).

The obtained [fine particle dispersion liquid 1] was mea-

sured for volume average particle diameter with a laser dif-
fraction/scattering particle size analyzer (LA-920, product of
Horiba, Ltd.), and was found to have a volume average par- 45
ticle diameter of 0.14 um.

—Preparation of Aqueous Phase—

Water (990 parts by mass), the [fine particle dispersion
liguad 1] (80 parts by mass), a 48. 5% by mass aqueous solu-
tion of sodium dodecyldiphenyl ether disulfonate (ELEMI- 50
NOL MON-7, product of Sanyo Chemical Industries Ltd.)
(40 parts by mass) and ethyl acetate (90 parts by mass) were
mixed together and stirred to obtain an opaque white liquid,
which was used as [aqueous phase 1].

—Preparation of Masterbatch— 55

Carbon black (REGAL 400R, product of Cabot Corpora-
tion) (40 parts by mass), a polyester resin (60 parts by mass)
(RS-801, product of Sanyo Chemical Industries, Ltd., acid
value: 10 mgKOH/g, weight average molecular weight:
20,000, glass transition temperature (Tg): 64° C.) and water 60
(30 parts by mass) were mixed together using HENSCHEL
MIXER, to thereby obtain a mixture containing pigment
aggregates impregnated with water. The obtained mixture
was kneaded for 45 min with a two-roll mill whose roll
surface temperature had been adjusted to 130° C. The 65
kneaded product was pulverized with a pulverizer so as to
have a size of 1 mm, whereby [masterbatch 1] was obtained.
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—Preparation of O11 Phase—

A container to which a stirring rod and a thermometer had
been set was charged with the [non-crystalline polyester resin
1] (425.6 parts by mass), carnauba wax (product of TOAG-
OSEICO., LTD., 48.4 parts by mass) as a releasing agent, the
[masterbatch 1] (145.7 parts by mass), a charge-controlling

agent (CCA, salycilic acid metal complex, BONTRON E-84,
product of Orient Chemical Industries, Ltd.) (20 parts by
mass) and ethyl acetate (400 parts by mass), and the mixture
was heated to 80° C. under stirring. The resultant mixture was
maintained at 80° C. for 5 hours and then cooled to 30° C. for
1 hour. Subsequently, the [crystalline polyester resin 1] (64.5
parts by mass) was charged into the reaction container, and
cthyl acetate was charged thereinto so that the solid content
concentration calculated from the amounts of all the raw
materials charged became 53% by mass, followed by mixing
for 1 hour, to thereby prepare [raw material solution 1].

The [raw material solution 1] (1,328 parts by mass) was

transierred into a container, and was treated with a beads mall
(ULTRA VISCOMILL, product of AIMEX CO., Ltd.) under

the following conditions: a liquid feed rate of 1 kg/hr, disc
circumierential velocity of 6 m/s, 0.5 mm (in diameter)-

zirconia beads packed to 80% by volume, and 3 passes, to
thereby prepare [o1l phase dispersion liquid 1].

The solid content concentration of the obtained [o1] phase
dispersion liquid 1] was found to be 53.2% by mass (150° C.,
60 min).

—FEmulsification—

The [o1] phase dispersion liquid 1] (664 parts by mass), the
[prepolymer 1] (51 parts by mass), the [ketimine compound
1] (6.7 parts by mass) were placed 1n a container, followed by
mixing for 1 min at 5,000 rpm with a TK homomixer (product
of PRIMIX Corporation, Ltd.). Thereafter, the [aqueous
phase 1] (1,200 parts by mass) was added to the container, and
the resultant mixture was mixed with the TK homomixer at
13,000 rpm for 3 min, to thereby obtain [emulsified slurry 1].
—Deformation and Desolvation—

A container to which a stirrer and a thermometer had been
set was charged with the [emulsified slurry 1], which was left
to stand still at 15° C. for 1 hour. Thereafter, the [emulsified
slurry 1] was desolvated at 30° C. for 1 hour to obtain [chro-
matic dispersion slurry 1].

The obtained [chromatic dispersion slurry 1] was found to
have a volume average particle diameter of 5.52 um and a
number average particle diameter of 4.74 um. Note that, the
volume average particle diameter and the number average

particle diameter of the [chromatic dispersion slurry 1] were
measured with COULTER MULTISIZER III (product of

Nikkaki Co., Ltd.).
—Washing and Drying—

The obtained [chromatic dispersion slurry 1] (100 parts by
mass) was filtrated under reduced pressure and then subjected
twice to a series of the following treatments (1) to (4), to
thereby obtain [chromatic filtration cake 1]:

(1); 1on-exchanged water (100 parts by mass) was added to
the filtration cake, followed by mixing (at 12,000 rpm for 10
min) with a TK homomixer (product of Tokushu Kika Kogyo
Co., Ltd.) and then filtration;

(2): 10% by mass aqueous sodium hydroxide solution (100
parts by mass) was added to the filtration cake obtained in (1)
above, followed by mixing (at 12,000 rpm for 30 min) with a
TK homomaixer and then filtration under reduced pressure;

(3): 10% by mass hydrochloric acid (100 parts by mass)
was added to the filtration cake obtained 1n (2) above, fol-
lowed by mixing (at 12,000 rpm for 10 min) with a TK
homomixer and then filtration; and
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(4): 1on-exchanged water (300 parts by mass) was added to
the filtration cake obtained 1n (3) above, followed by mixing,
(at 12,000 rpm for 10 min) with a TK homomixer and then
filtration.

The obtained [chromatic dispersion slurry 1] was dried
with an air-circulating drier at 45° C. for 48 hours, and then
was caused to pass through a sieve with a mesh size of 75 um,
to thereby prepare [chromatic toner base particles 1].

The obtained chromatic toner base particles (100 parts by
mass) were mixed with hydrophobic silica (0.7 parts by mass)
and hydrophobic titantum oxide (0.3 parts by mass) using
HENSCHEL MIXER (product of NIPPON COKE & ENGI-
NEERING. CO., LTD.), to thereby obtain [chromatic toner

1].

Production Example 2 of Chromatic Toner

|Chromatic toner 2| was obtained 1n the same manner as 1n
Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 430.6 parts by
mass and that the amount of the [prepolymer 1] charged in the
emulsification was changed to 43.8 parts by mass.

Production Example 3 of Chromatic Toner

[Chromatic toner 3] was obtained 1n the same manner as 1n
Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 405.4 parts by
mass and that the amount of the [prepolymer 1] charged 1n the
emulsification was changed to 56.3 parts by mass.

Production Example 4 of Chromatic Toner

|Chromatic toner 4] was obtained 1n the same manner as 1n
Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 385.3 parts by
mass and that the amount of the [crystalline polyester resin 1]
charged 1n the preparation of the o1l phase was changed to
104.8 parts by mass.

Production Example 5 of Chromatic Toner

|Chromatic toner 5] was obtained 1n the same manner as 1n
Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 449.8 parts by
mass and that the amount of the [crystalline polyester resin 1]

charged 1n the preparation of the o1l phase was changed to
40.3 parts by mass.

Production Example 6 of Chromatic Toner

[Chromatic toner 6] was obtained 1n the same manner as 1n
Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 433.6 parts by
mass and that the amount of the carnauba wax charged in the
preparation of the oil phase was changed to 40.3 parts by
mass.

Production Example 7 of Chromatic Toner

|Chromatic toner 7] was obtained 1n the same manner as in
Production Example 1 of chromatic toner except that the
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amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 401.4 parts by

mass and that the amount of the carnauba wax charged in the
preparation of the o1l phase was changed to 72.5 parts by
mass.

Production Example 8 of Chromatic Toner

| Chromatic toner 8] was obtained 1n the same manner as 1n
Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 435.8 parts by
mass and that the amount of the [prepolymer 1] charged 1n the
emulsification was changed to 36.2 parts by mass.

Production Example 9 of Chromatic Toner

|Chromatic toner 9] was obtained 1n the same manner as 1n
Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 420.3 parts by
mass, that the amount of the [crystalline polyester resin 1]
charged 1n the preparation of the o1l phase was changed to
82.8 parts by mass, and that the amount of the [prepolymer 1]
charged 1n the emulsification was changed to 62.1 parts by
mass.

Production Example 10 of Chromatic Toner

|Chromatic toner 10] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 469.5 parts by
mass, that the amount of the [crystalline polyester resin 1]
charged 1n the preparation of the o1l phase was changed to
23 .8 parts by mass, and that the amount of the [prepolymer 1]
charged in the emulsification was changed to 45 parts by
mass.

Production Example 11 of Chromatic Toner

|Chromatic toner 11] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 287.1 parts by
mass, that the amount of the [crystalline polyester resin 1]
charged 1n the preparation of the o1l phase was changed to
181.5 parts by mass, and that the amount of the [prepolymer
1] charged in the emulsification was changed to 60.5 parts by
mass.

Production Example 12 of Chromatic Toner

|Chromatic toner 12] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 482 parts by
mass, that the amount of the [crystalline polyester resin 1]
charged 1n the preparation of the o1l phase was changed to
52.4 parts by mass, and that the amount of the carnauba wax
in the preparation of the o1l phase was charged to 4 parts by
mass.

Production Example 13 of Chromatic Toner

|Chromatic toner 13| was obtained in the same manner as
in Production Example 1 of chromatic toner except that the
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amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 369.2 parts by

mass and that the amount of the carnauba wax 1n the prepa-
ration of the o1l phase was charged to 104 .8 parts by mass.

Production Example 14 of Chromatic Toner

—Preparation of Crystalline Polyester Dispersion Liquid 1—

The [crystalline polyester resin 1] (180 parts by mass) and
deionmized (585 parts by mass) were added to a stainless steel
beaker, which was then immersed 1n a hot bath and heated to
95° C. At the time when the [crystalline polyester resin 1]

melted and the mixture became transparent, the mixture was
stirred at 10,000 rpm using T.K. ROBOMIX (product of

PRIMIX Corporation, L.td.) and adjusted inpH to 7.0 with 1%
by mass aqueous ammonia. Next, the resultant mixture was
emulsified and dispersed while diluted aqueous solution (20
parts by mass) containing an anionic surfactant (0.8 parts by
mass, product of DAI-ICHI KOGYO SEIYAKU CO., LTD.,
NEOGEN R-K) and a nonionic surfactant (0.2 parts by mass,
product of DAI-ICHI KOGYO SEIYAKU CO., LTD.,
EMULGEN950) was being added dropwise thereto to
thereby prepare [crystalline polyester dispersion liquid 1]
(solid content: 11.9% by mass) having a volume average
particle diameter of 0.8 um.

—Preparation of Non-Crystalline Polyester Dispersion Lig-
uid 1—

[Non-crystalline polyester dispersion liquid 1] (solid con-
tent: 12.3% by mass) was prepared 1n the same manner as in
the preparation of the crystalline polyester dispersion liquid 1
except that the [crystalline polyester resin 1] was changed to
[non-crystalline polyester resin 2] synthesized 1n the follow-
Ing manner.

—Synthesis of Non-Crystalline Polyester Resin 2—

A two-neck flask, which had been dried with heating, was
charged with polyoxypropylene(2,2)-2,2-bis(4-hydroxyphe-
nyl)propane (780 parts by mass), polyoxyethylene(2,2)-2,2-
bis(4-hydroxyphenyl)propane (18 parts by mass), tereph-
thalic acid (47 parts by mass), fumaric acid (24 parts by
mass ), n-dodecenylsuccinic acid (24 parts by mass) and dibu-
tyltin oxide as a catalyst. Nitrogen gas was introduced to the
flask to keep the atmosphere thereot mnactive and the tempera-
ture therein was increased. The compounds were allowed to
undergo co-condensation polymerization at 230° C. for 10
hours. The flask was gradually reduced 1n pressure at 230° C.
to synthesize [non-crystalline polyester resin 2].

The obtained [non-crystalline polyester resin 2] was found
to have a number average molecular weight o1 5,800, a weight
average molecular weight of 13,400, a glass transition tem-
perature (1g) of 55° C., and an acid value of 16 mgKOH/g.
—Preparation of Pigment Dispersion Liquid—

Carbon black (REGAL 400R, product of Cabot Corpora-
tion) (20 parts by mass), 1on-exchanged water (80 parts by
mass) and an anionic surfactant (4.0 parts by mass, product of
DAI-ICHI KOGYO SEIYAKU CO., LTD., NEOGEN R-K)
were added to a container. The pigment was dispersed using
a beads mill (ULTRA VISCOMILL, product of AIMEX CO.,
Ltd.) under the following conditions: a liquid feed rate of 1
kg/hr, disc circumierential velocity of 6 m/s, 0.3 mm (in
diameter)-zirconia beads packed to 80% by volume, and 15
passes, to thereby prepare [pigment dispersion liquid] (solid
content: 19.8% by mass) having a volume average particle
diameter of 0.07 um.

—Preparation of Wax Dispersion Liquid—

Carnauba wax (product of TOAGOSEI CO., LTD., 20 parts
by mass), 1on-exchanged water (80 parts by mass) and an
anionic surfactant (4 parts by mass, product of DAI-ICHI
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KOGYO SEIYAKU CO., LTD., NEOGEN R-K) were mixed
together. The resultant mixture was heated to 95° C. under

stirring and maintained for 1 hour. After cooling, the wax was
dispersed using a beads mill (ULTRA VISCOMILL, product
of AIMEX CO., Ltd.) under the following conditions: a liquid
teed rate of 1 kg/hr, disc circumierential velocity of 6 m/s, 0.3
mm (in diameter)-zirconia beads packed to 80% by volume,
and 25 passes, to thereby prepare [wax dispersion liquid]
(solid content: 20.8% by mass) having a volume average
particle diameter of 0.15 um.

—Preparation of Charge-Controlling Agent (CCA) Disper-
s1ion Liquid—

A charge-controlling agent (CCA, salycilic acid metal
complex, BONTRON E-84, product of Orient Chemical
Industries, Ltd.) (5 parts by mass), 1on-exchanged water (95
parts by mass) and an anionic surfactant (0.5 parts by mass,
product of DAI-ICHI KOGYO SEIYAKU CO., LTD., NEO-
GEN R-K) were added to a container. The charge controllmg
agent was dispersed using a beads mill (ULTRA VISCOM -
ILL, product of AIMEX CO., Ltd.) under the following con-
ditions: a liquid feed rate of 1 kg/hr, disc circumierential
velocity of 6 m/s, 0.3 mm (1n diameter)-zirconia beads packed
to 80% by volume, and 5 passes, to thereby prepare [charge-
controlling agent (CCA) dispersion liquid] (solid content:
4.8% by mass).

Preparation of Toner—

The above pigment dispersion liquid: 40.8 parts by mass

The above charge-controlling agent (CCA) dispersion lig-
uid: 20.8 parts by mass

The above crystalline polyester dispersion liquid 1:67.2
parts by mass

The above non-crystalline polyester dispersion liquid

1:634.1 parts by mass
The above wax dispersion liquid: 28.8 parts by mass

These liquids were mixed together and stirred for 2 hours
with DISPER (product of IKA Co., Ltd.) at a constant tem-
perature of 25° C. Next, the obtained mixture was heated to
60° C. and adjusted 1n pH to 7.0 with ammonia. Furthermore,
the resultant dispersion liquid was heated to 90° C. and main-
tained at the same temperature for 6 hours, to thereby obtain
[chromatic dispersion slurry 2].

Next, [chromatic toner 14| was obtained 1n the same man-
ner as in Production Example 1 of chromatic toner except that
the [chromatic dispersion slurry 1] 1n the washing and drying
was changed to the [chromatic dispersion slurry 2].

Production Example 15 of Chromatic Toner

T'he above crystalline polyester resin 1:6.4 parts by mass
T'he above non-crystalline polyester resin 2:86 parts by
mass
The above carbon black (product of Cabot Corporation,
REGAL 400R): 8.7 parts by mass
The above charge-controlling agent (CCA, salycilic acid
metal complex, BONTRON E-84, product of Orient
Chemical Industries, Ltd.): 1 part by mass
Carnauba wax (product of TOAGOSEI CO., LTD.): 6.5
parts by mass
The above-listed toner raw materials were thoroughly
mixed together using SUPER MIXER (SMV-200, product of
KAWATA MFG Co., Ltd.), to thereby obtain a toner powder
raw material mixture. The toner powder raw material mixture
was lfed to a raw material-feeding hopper of BUSS

COKNEADER (TCS-100, product of BUSS Co., Ltd.) and
kneaded at a feeding rate of 120 kg/hour.

The obtained kneaded product was calendered and cooled
using a double head cooler. The treated product was coarsely
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pulverized with a hammer mill and then finely pulverized
with a jet arrtlow-type mill (I-20 JET MILL, product of Nip-
pon Pneumatic Co.). The pulverized product was treated with
a wind-driven classifier (DS-20.DS-10 classifier, product of
Nippon Pneumatic Co.) to classity fine powder. The resultant
product was lett to stand at 50° C. for 24 hours for annealing,
to thereby obtain [chromatic toner 15].

Production Example 16 of Chromatic Toner

[Chromatic toner 16| was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 441.6 parts by
mass and that the amount of the [prepolymer 1] charged 1n the
emulsification was changed to 27.8 parts by mass.

Production Example 17 of Chromatic Toner

[Chromatic toner 17] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 327.1 parts by
mass, the amount of the [crystalline polyester resin 1] charged
in the preparation of the o1l phase was changed to 170.8 parts
by mass, and that the amount of the [prepolymer 1] charged in
the emulsification was changed to 36.2 parts by mass.

Production Example 18 of Chromatic Toner

[Chromatic toner 18] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 497.9 parts by
mass, the amount of the [crystalline polyester resin 1] charged
in the preparation of the o1l phase was changed to O parts by
mass, and that the amount of the [prepolymer 1] charged in
the emulsification was changed to 36.2 parts by mass.

Production Example 19 of Chromatic Toner

[Chromatic toner 19] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 4535.9 parts by
mass, the amount of the [crystalline polyester resin 1] charged
in the preparation of the o1l phase was changed to 57.5 parts
by mass, and that the amount of the [prepolymer 1] charged in
the emulsification was changed to 7.2 parts by mass.

Production Example 20 of Chromatic Toner

[Chromatic toner 20] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 471.8 parts by
mass and that the amount of the [prepolymer 1] charged in the
emulsification was changed to 71.7 parts by mass.

Production Example 21 of Chromatic Toner

|Chromatic toner 21| was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 475.3 parts by
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mass and that the amount of the [prepolymer 1] charged in the
emulsification was changed to 31.2 parts by mass.

Production Example 22 of Chromatic Toner

|Chromatic toner 22] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 452.8 parts by
mass and that the amount of the [prepolymer 1] charged 1n the
emulsification was changed to 69.1 parts by mass.

Tables 1-1 and 1-2 present: the amounts of the crystalline
polyester resin, the wax serving as a releasing agent, and the
prepolymer which were calculated from their charged
amounts 1n Production Examples 1 to 22 of chromatic toners;
the amount of tetrahydroturan (THF) insoluble matters mea-
sured by the following method; and the volume average par-

ticle diameters and the ratios (Dv/Dn) of the chromatic toners.
<<Amount of Tetrahydrofuran (THF) Insoluble Matter>>

Each (3 g) of the chromatic toners of the toner sets was
weighed and defined as A (g). Next, the chromatic toner was
charged into cylindrical filter paper (inner diameter: 24 mm)
having a known mass, and the cylindrical filter paper was set
to an extraction tube. Then, tetrahydrofuran (THF) (200 mL)
was added to a flask. The flask equipped with a condenser was
immersed 1n a mantle heater, and the THF was refluxed at 60°
C. The THF was dropped to the chromatic toner through the

condenser, and THF soluble matter of the chromatic toner
was extracted in the flask. After extraction at 60° C. for 8
hours, the THF serving as a liquid for extraction was evapo-
rated under reduced pressure, and the residue remaining on
the cylindrical filter paper (THF insoluble matter) was
weighed. The obtained value was defined as B (g). The above-
described measurement for the values A and B was performed
5 times 1n total. Each of the values A and B was an average of
5 values obtained 1n the measurements performed 5 times.

The thus-obtained A and B were assigned to the following
formula to calculate an amount of THF 1nsoluble matter (%
by mass).

Amount of THF insoluble matter(% by mass)=(5/4)x
100

<<Volume Average Particle Diameter Dv and Ratio (Dv/Dn)
P

The volume average particle diameter (Dv), number aver-
age particle diameter (Dn) and ratio (Dv/Dn) of the chromatic
toners 1n the toner sets were obtained from their particle size
distribution measured using COULTER MULTISIZER 111
(product of Beckman Coulter, Inc.) connected to personal
computer PC9801 (product of NEC Co.) via an interface
(product of The Institute of Japanese Union of Scientists &
Engineers), which outputs number and volume distributions.

Specifically, first, a surfactant (alkylbenzene sulfonate)
(0.1 mL to 5 mL) was added as a dispersing agent to an
clectrolyte solution (100 mL to 150 mL). Here, the electrolyte
solution was ISOTON-II (product of Beckman Coulter, Inc.)
which 1s a 1% by mass aqueous solution prepared using 1st
grade sodium chloride.

Subsequently, a sample (2 mg to 20 mg) was suspended in
the above-obtained electrolyte solution. The resultant elec-
trolyte solution was dispersed with an ultrasonic wave dis-
perser for 1 min to 3 min. The thus-obtained dispersion liquid
was analyzed using an aperture of 100 um to measure the
number and volume of the chromatic toner. Then, the volume
particle size distribution and number particle size distribution
were calculated from the obtained values.
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In this measurement, 13 channels were used: 2.00 um
(inclusive) to 2.52 um (exclusive); 2.52 um (inclusive)to 3.17
um (exclusive); 3.17 um (inclusive) to 4.00 um (exclusive);
4.00 um (nclusive) to 5.04 um (exclusive); 5.04 um (inclu-
stve) to 6.35 um (exclusive); 6.35 um (inclusive) to 8.00 um
(exclusive); 8.00 um (nclusive) to 10.08 um (exclusive);
10.08 um (inclusive) to 12.70 um (exclusive); 12.70 um (1n-
clusive) to 16.00 um (exclusive); 16.00 um (1nclusive) to
20.20 um (exclusive); 20.20 um (inclusive) to 25.40 um (ex-

clusive); 25.40 um (inclusive) to 32.00 um (exclusive); and 10

32.00 um (inclusive) to 40.30 um (exclusive); 1.e., particles
having a particle diameter of 2.00 um (inclusive) to 40.30 um
(exclusive) were subjected to the measurement.
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Production Example 1 of Transparent Toner

| Transparent toner 1] was obtained in the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [masterbatch 1] charged 1n the preparation of
the o1l phase was changed to 0 parts by mass, the amount of
the [non-crystalline polyester resin 1] charged 1n the prepa-
ration of the o1l phase was changed to 534.2 parts by mass, the
amount of the carnauba wax charged 1n the preparation of the
o1l phase was changed to 59.9 parts by mass, the amount of
the [crystalline polyester resin 1] charged 1n the preparation
ol the o1l phase was changed to 89.9 parts by mass, and that

TABLE 1-1
Amount of Amount of THF
Amount of crystalline insoluble Volume average
wax polyester resin matter particle diameter  Ratio
(% by mass) (% by mass) (% by mass) Dv (um) (Dv/Dn)
Chromatic toner 1 6 8 19.1 5.1 1.15
Chromatic toner 2 6 8 16.6 5.0 1.17
Chromatic toner 3 6 8 20.7 4.8 1.19
Chromatic toner 4 6 13 19.3 5.5 1.14
Chromatic toner 5 6 5 18.6 4.5 1.15
Chromatic toner 6 5 8 18.4 5.7 1.18
Chromatic toner 7 9 8 18.4 5.5 1.17
Chromatic toner & 6 8 14.0 5.1 1.16
Chromatic toner 9 6 10 22.5 5.4 1.15
Chromatic toner 10 6 3 17.2 5.2 1.14
Chromatic toner 11 8 20 22.1 5.8 1.23
Chromatic toner 12 0. 6.5 19.3 5.1 1.17
Chromatic toner 13 3 8 19.0 5.2 1.21
Chromatic toner 14 6 8 18.2 6.1 1.25
Chromatic toner 15 6 8 17.3 8.2 1.32
Chromatic toner 16 6 8 11.4 5.4 1.14
Chromatic toner 17 6 22 14.2 5.8 1.21
Chromatic toner 18 6 0 14.1 5.1 1.19
Chromatic toner 19 6 8 3.1 4.8 .15
Chromatic toner 20 6 8 254 5.0 1%
Chromatic toner 21 6 8 12.2 4.5 .16
Chromatic toner 22 6 8 24.6 5.0 1%
TABIE 1-2 40" the amount of the [prepolymer 1] charged in the emulsifica-
tion was changed to 22.5 parts by mass.
Amount Amount
of prepolymer charged  of prepolymer charged Production Example 2 of Transparent Toner
(parts by mass) (% by mass)
Chromatic toner 1 51.0 12.5 = | Transparent toner 2] was obtained in the same manner as
Chromatic toner 2 43.8 11.0 in Production Example 1 of chromatic toner except that the
Chromatic toner 3 20.3 140 amount of the [non-crystalline polyester resin 1] charged 1n
Chromatic toner 4 51.0 12.5 h ; fthe oil ph h dt0 535.1 parts b
Chromatic toner 3 51.0 15 3 ¢ preparation of the o1l phase was changed to -1 parts by
Chromatic toner 6 51.0 195 5, Inass and that the amount of the [prepolymer 1] charged in the
Chromatic toner 7 51.0 12.5 emulsification was changed to 17.7 parts by mass.
Chromatic toner 8 36.2 9.0
Chromatic toner 9 62.1 1.0 Production Example 3 of Transparent Toner
Chromatic toner 10 45.0 11.5
Chromatic toner 11 60.5 15.0 _ _
Chromatic toner 12 510 175 55 | Transparent toner 3] was obtained in the same manner as
Chromatic toner 13 51.0 12.5 in Production Example 1 of chromatic toner except that the
Chromatic toner 14 — — amount of the [non-crystalline polyester resin 1] charged in
Chromatic toner 15 — — the preparation of the oil phase was changed to 531.5 parts by
Chromatic toner 16 27.8 7.3 d that th t of th 1 11ch dinth
Chromatic toner 17 260 0 3 mass and that the amount of the |prepolymer 1] charged in the
Chromatic toner 18 36.2 9.3 60 emulsification was changed to 28.4 parts by mass.
Chromatic toner 19 7.2 2.0
Chromatic toner 20 T1.7 17.0 Production Example 4 of lransparent loner
Chromatic toner 21 31.2 8.1
Chromatic toner 22 69.1 16.4

*The amount of prepolymer 1n Table 1-2 1s the same as that of the modified polyester resin.
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| Transparent toner 4] was obtained in the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 519.2 parts by



US 8,999,618 B2

45

mass and that the amount of the [crystalline polyester resin 1]
charged 1n the preparation of the o1l phase was changed to
104.8 parts by mass.

Production Example 5 of Transparent Toner

| Transparent toner 5] was obtained in the same manner as
in Production Example 1 of chromatic toner except that the

amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 579.1 parts by
mass and that the amount of the [crystalline polyester resin 1]

charged 1n the preparation of the o1l phase was changed to
44 .9 parts by mass.

Production Example 6 of Transparent Toner

[ Transparent toner 6] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 549.1 parts by
mass and that the amount of the carnauba wax charged in the
preparation of the o1l phase was changed to 44.9 parts by
mass.

Production Example 7 of Transparent Toner

| Transparent toner 7] was obtained in the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 519.2 parts by
mass and that the amount of the carnauba wax charged in the

preparation of the oil phase was changed to 74.9 parts by
mass.

Production Example 8 of Transparent Toner

[ Transparent toner 8] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 525.1 parts by
mass, the amount of the carnauba wax charged 1n the prepa-
ration of the o1l phase was changed to 72.5 parts by mass, and
that the amount of the [prepolymer 1] charged in the emulsi-
fication was changed to 10.4 parts by mass.

Production Example 9 of Transparent Toner

| Transparent toner 9] was obtained in the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 528 parts by
mass and that the amount of the [prepolymer 1] charged 1n the
emulsification was changed to 36.2 parts by mass.

Production Example 10 of Transparent Toner

[ Transparent toner 10] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 590.4 parts by
mass and that the amount of the [crystalline polyester resin 1]
charged 1n the preparation of the o1l phase was changed to
33.7 parts by mass.

Production Example 11 of Transparent Toner

[ Transparent toner 11] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
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amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 451.8 parts by
mass, the amount of the carnauba wax charged 1n the prepa-
ration of the o1l phase was changed to 82.4 parts by mass, and
that the amount of the [crystalline polyester resin 1] charged
in the preparation of the o1l phase was changed to 149.8 parts
by mass.

Production Example 12 of Transparent Toner

| Transparent toner 12] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 596.3 parts by
mass, the amount of the carnauba wax charged 1n the prepa-
ration of the o1l phase was changed to 11.4 parts by mass, the
amount of the [crystalline polyester resin 1] charged 1n the
preparation of the o1l phase was changed to 76 parts by mass,
and that the amount of the [prepolymer 1] charged in the
emulsification was changed to 27.8 parts by mass.

Production Example 13 of Transparent Toner

| Transparent toner 13] was obtained in the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 489.3 parts by
mass and that the amount of the carnauba wax charged in the
preparation of the o1l phase was changed to 104.8 parts by
mass.

Production Example 14 of Transparent Toner

[ Transparent toner 14] was obtained 1n the same manner as
in Production Example 14 of chromatic toner except that the
[non-crystalline polyester dispersion liquid 1] was changed to
[non-crystalline polyester dispersion liquid 2] prepared 1n the
following manner and that the pigment dispersion liquid was
not added.

—Preparation of [ Non-Crystalline Polyester Dispersion Lig-
uid 2]—

| Non-crystalline polyester dispersion liquid 2] was pre-
pared 1n the same manner as 1n the preparation of the crystal-
line polyester dispersion liquid 1 except that the [crystalline
polyester resin 1] (180 parts by mass) was changed to the
[non-crystalline polyester resin 1] (80 parts by mass) and the
[non-crystalline polyester resin 2] (100 parts by mass).

Production Example 15 of Transparent Toner

[ Transparent toner 15] was obtained 1n the same manner as
in Production Example 135 of chromatic toner except that the
carbon black was changed to the [non-crystalline polyester
resin 2].

Production Example 16 of Transparent Toner

| Transparent toner 16] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 524 parts by
mass and that the amount of the [prepolymer 1] charged 1n the
emulsification was changed to 45 parts by mass.

Production Example 17 of Transparent Toner

| Transparent toner 17] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the



US 8,999,618 B2

47

amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 621.1 parts by
mass, the amount of the [crystalline polyester resin 1] charged
in the preparation of the o1l phase was changed to 0 parts by
mass, and that the amount of the [prepolymer 1] charged in
the emulsification was changed to 36.2 parts by mass.

Production Example 18 of Transparent Toner

[ Transparent toner 18] was obtained 1n the same manner as

in Production Example 1 of chromatic toner except that the
amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 540 parts by
mass, the amount of the [crystalline polyester resin 1] charged
in the preparation of the o1l phase was changed to 86.8 parts
by mass, and that the amount of the [prepolymer 1] charged in

the emulsification was changed to 9.6 parts by mass.

Production Example 19 of Transparent Toner

[ Transparent toner 19] was obtained 1n the same manner as
in Production Example 1 of chromatic toner except that the

Transparent toner 1
Transparent toner 2
Transparent toner 3
Transparent toner 4
Transparent toner 5
Transparent toner 6
Transparent toner 7
Transparent toner 8
Transparent toner 9
Transparent toner 10
Transparent toner 11
Transparent toner 1
Transparent toner 1
Transparent toner 1

Transparent toner 1

Syt B W b

Transparent toner 1
Transparent toner 17
Transparent toner 18
Transparent toner 19

Transparent toner 20
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amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 507.8 parts by
mass and that the amount of the [prepolymer 1] charged 1n the

emulsification was changed to 80.8 parts by mass.

5
10 Production Example 20 of Transparent Toner
| Transparent toner 20] was obtained in the same manner as
in Production Example 1 of chromatic toner except that the
15 amount of the [non-crystalline polyester resin 1] charged 1n
the preparation of the o1l phase was changed to 590.1 parts by
mass and that the amount of the carnauba wax charged in the
preparation of the o1l phase was changed to O parts by mass.
20
Tables 2-1 and 2-2 present: the amounts of the crystalline
polyester resin, the wax serving as a releasing agent, and the
»5 prepolymer which were calculated from their charged
amounts 1n Production Examples 1 to 20 of transparent ton-
ers; the amount of tetrahydrofuran (THF) insoluble matters
measured by the same method as 1n the chromatic toners; and
the volume average particle diameters and the ratios (Dv/Dn)
of the transparent toners.
TABLE 2-1
Amount of
Amount of crystalline Amount of THF  Volume average
Wax polyester resin  insoluble matter  particle diameter  Ratio
(% by mass) (% by mass) (% by mass) Dv (um) (Dv/Dn)
8 12 9.2 5.0 1.14
8 12 7.2 5.4 1.16
8 12 11.2 5.0 1.14
8 14 9.0 5.8 1.18
8 6 9.5 4.6 1.18
0 12 8.4 5.1 1.17
10 12 8.8 5.2 1.15
10 12 4.3 4.4 1.15
8 12 14.7 4.9 1.19
8 4.5 9.3 5.8 1.20
11 20 9.1 4.5 1.19
1.5 10 11.4 5.7 1.18
14 12 9.1 5.0 1.15
8 12 8.2 6.2 1.23
8 12 7.8 7.4 1.33
8 12 17.%8 5.1 1.15
8 0 14.5 5.3 1.16
8 12 4.0 4.9 1.15
8 12 28.1 4.5 1.18
0 12 14.4 4.8 1.16
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TABLE 2-2 TABLE 2-2-continued

Amount of prepolymer Amount of prepolymer
charged (parts by mass)  charged (% by mass)

Amount of prepolymer Amount of prepolymer
charged (parts by mass)  charged (% by mass)

Transparent toner 1 22.5 6.0 > Transparent toner 18 9.6 2.7
Transparent toner 2 17.7 4.5 Transparent toner 19 8O.8 18.7
Transparent toner 3 28.4 7.5 Transparent toner 20 22.5 6.0
Transparent toner 4 22.5 6.0
Transparent toner 5 22.5 6.0 *The amount of prepolymer in Table 2-2 1s the same as that of the modified polyester resin.
Transparent toner 6 22.5 6.0
Transparent toner 7 22.5 6.0 10
%izgizt Eiz g ;gj 3:2 Examples 1 to 19 and Comparative Examples 1 to 8
Transparent toner 10 22.5 6.0
Transparent toner 11 22.5 6.0 Toner sets were prepared 1n accordance with combinations
giggizt Eiz g gg ;:g y of the chromatic toners and the transparent toners presented
Transparent toner 14 — — in Table 3. Table 3 presents the combinations of the chromatic
% igii :: EEZ 2 450 3 tone‘rs @d the transparent toners, and ratios of the TF
Transparent toner 17 367 9 5 insoluble matters of the transparent toners to the THF
insoluble matters of the chromatic toners.
TABLE 3
Transprent toner Chromatic toner Ratio of
Amount of THF Amount of THF amounts of
insoluble matter insoluble matter  THF insoluble
Toner set No. (% by mass) No. (% by mass) matters

Ex. 1 Toner set 1 1 9.2 1 19.1 0.4%

Ex. 2 Toner set 2 2 7.2 2 16.6 0.43

Ex. 3 Toner set 3 3 11.2 3 20.7 0.54

Ex. 4 Toner set 4 4 9.0 4 19.3 0.47

Ex. 5 Toner set 5 5 9.5 5 18.6 0.51

Ex. 6 Toner set 6 6 8.4 6 18.4 0.46

Ex. 7 Toner set 7 7 8.8 7 18.4 0.4%

Ex. 8 Toner set & & 4.3 8 14.0 0.31

Ex. 9 Toner set 9 9 14.7 9 22.5 0.65

Ex. 10 Toner set 10 10 9.3 10 17.2 0.54

Ex. 11 Toner set 11 11 9.1 11 22.1 0.41

Ex. 12 Toner set 12 12 11.4 12 19.3 0.59

Ex. 13 Toner set 13 13 9.1 13 19.0 0.4%

Ex. 14 Toner set 14 3 11.2 2 16.6 0.67

Ex. 15 Toner set 15 14 8.2 14 18.2 0.45

Ex. 16 Toner set 16 15 7.8 15 17.3 0.45

Ex. 17 Toner set 17 15 7.8 21 12.2 0.64

Ex. 18 Toner set 18 1 9.2 22 24.6 0.37

Ex. 19 Toner set 19 3 11.2 4 19.3 0.5%

Comp. Ex. 1 Toner set 20 9 14.7 8 14.0 1.05

Comp. Ex. 2 Tonerset 21 16 17.8 16 11.4 1.56

Comp. Ex. 3 Toner set 22 17 14.5 8 14.0 1.04

Comp. Ex. 4 Tonerset 23 9 14.7 17 14.2 1.04

Comp. Ex. 5> Toner set 24 9 14.7 18 14.1 1.04

Comp. Ex. 6 Toner set 25 18 4.0 19 3.1 1.29

Comp. Ex. 7 Toner set 26 19 28.1 20 254 1.11

Comp. Ex. 8 Toner set 27 20 14.4 8 14.0 1.03
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TABL.

(L]

4

Transparent toner

Amount of Chromatic toner
crystalline Amount of
polyester crystalline

resin polyester resin
Toner set No. (% by mass) No. (% by mass)
Ex. 1 Toner set 1 1 12 1 8
Ex. 2 Toner set 2 2 12 2 8
Ex. 3 Toner set 3 3 12 3 8
Ex. 4 Toner set 4 4 14 4 13
ExX. 5 Toner set 5 5 6 5 5
Ex. 6 Toner set 6 6 12 6 8
Ex. 7 Toner set 7 7 12 7 8
Ex. 8 Toner set 8 8 12 8 8
Ex. 9 Toner set 9 9 12 9 10
Ex. 10 Toner set 10 10 4.5 10 3
Ex. 11 Toner set 11 11 20 11 20
Ex. 12 Toner set 12 12 10 12 6.5
Ex. 13 Toner set 13 13 12 13 8
Ex. 14 Toner set 14 3 12 2 8
Ex. 15 Toner set 15 14 12 14 8
Ex. 16 Toner set 16 15 12 15 8
Ex. 17 Toner set 17 15 12 21 8
Ex. 18 Toner set 18 1 12 22 8
Ex. 19 Toner set 19 3 12 4 13
Comp. Ex. 1 'loner set 20 9 12 8 8
Comp. Ex. 2 'loner set 21 16 12 16 8
Comp. BEx. 3 'loner set 22 17 0 8 8
Comp. Ex. 4 'loner set 23 9 12 17 22
Comp. Ex. 5 'loner set 24 9 12 18 0
Comp. BEx. 6 'loner set 25 18 12 19 8
Comp. BEx. 7 'loner set 26 19 12 20 8
Comp. Ex. 8 Toner set 27 20 12 8 8
TABLE 5
Transparent toner Chromatic toner
Amount Amount
of wax of wax
Toner set No. (% by mass) No. (% by mass)
Ex. 1 Toner set 1 1 8 1 6
Ex. 2 Toner set 2 2 8 2 6
Ex. 3 Toner set 3 3 8 3 6
Ex. 4 Toner set 4 4 8 4 6
ExX. 5 Toner set 5 5 8 5 6
Ex. 6 Toner set 6 6 6 6 5
Ex. 7 Toner set 7 7 6 7 8
Ex. 8 Toner set 8 8 10 8 6
Ex. 9 Toner set 9 9 8 9 6
Ex. 10 Toner set 10 10 8 10 6
Ex. 11 Toner set 11 11 11 11 8
Ex. 12 Toner set 12 12 1.5 12 0.5
Ex. 13 Toner set 13 13 14 13 13
Ex. 14 Toner set 14 3 8 2 6
Ex. 15 Toner set 15 14 8 14 6
Ex. 16 Toner set 16 15 8 15 6
Ex. 17 Toner set 17 15 8 21 6
Ex. 18 Toner set 18 1 8 22 6
Ex. 19 Toner set 19 3 8 4 6
Comp. Ex. 1 'loner set 20 9 8 8 6
Comp. Ex. 2 'loner set 21 16 8 16 6
Comp. BEx. 3 'loner set 22 17 8 8 6
Comp. Ex. 4 'loner set 23 9 8 17 6
Comp. Ex. 5 'loner set 24 9 & 18 6
Comp. BEx. 6 'loner set 25 18 8 19 6
Comp. BEx. 7 'loner set 26 19 & 20 6
Comp. Ex. 8 Toner set 27 20 0 8 6

<Production Example of Carrier>

A silicone resin (organostraight silicone, product of Shin-
Etsu Silicone Co., Ltd.) (100 parts by mass), v-(2-aminoethyl)
aminopropyltrimethoxysilane (5 parts by mass) and carbon
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black (10 parts by mass) were added to toluene (100 parts by
mass). The resultant mixture was dispersed with a homo-
mixer for 20 min to prepare a resin layer-coating liquid.

Next, a tluidized-bed coating apparatus was used to coat
the resin layer-coating liquid on the surface of spherical mag-
netite (1,000 parts by mass) having a volume average particle
diameter of 50 um, whereby a carrier was produced.
<Production of Developer Set>

Each (5 parts by mass) of the transparent toner and the
chromatic toner of each of the toner sets was mixed with the
carrier (95 parts by mass) using a ball mill to thereby produce
two-component developer sets.

The produced two-component developer sets were evalu-
ated for properties 1n the following manner. The results are
presented 1n Table 4.
<Evaluation of Fixability>

Each of the produced two-component developer sets was
evaluated for fixability using an 1mage forming apparatus
(IMAGIO 6000RC, product of Ricoh Company, Ltd.) which
could print out sixty A4-size paper sheets per minute and was
modified so that the temperature of 1ts fixing roller could be
variable. This image forming apparatus was adjusted so that
solid 1images of the transparent toner and the chromatic toner
of the toner set were formed on transier paper sheets of plain
paper (Type 6200, product of Ricoh Company, Ltd.) and on
transier paper sheets of thick paper (copy paper sheet <135,
product of Ricoh Company, Ltd.) where each of the solid
images carried the toner at 1.0 mg/cm>+0.1 mg/cm”. Then,
the plain paper was used to measure a hot offset temperature
which 1s a temperature at which no offset occurred. Mean-
while, the thick paper was used to measure a mimmum fixable
temperature.

—Hot Offset Resistance—

A solid image having a size of 3 cmx8 ¢cm was developed
on the above plain paper where the solid image carried each of
the transparent toner and the chromatic toner at 1.0
mg/cm~+0.1 mg/cm”, followed by fixing. The hot offset tem-
perature of the chromatic toner was defined as a temperature
of the fixing roller at which transfer of color from the fixed
solid 1mage to a portion having no image could visually be
confirmed. The hot offset resistance of the chromatic toner
was evaluated from the hot offset temperature according to
the following evaluation criteria. The hot offset temperature
of the transparent toner was defined as a temperature of the
fixing roller at which transfer of gloss by the transparent toner
to the plain paper could visually be confirmed. The hot offset
resistance of the transparent toner was evaluated from the hot
ollset temperature according to the following evaluation cri-
teria.
|[Evaluation Criteria of Hot Offset Resistance]

A:The hot offset temperatures of the transparent toner and the
chromatic toner were both 175° C. or higher.

B: The hot offset temperature of either the transparent toner or
the chromatic toner was 165° C. or higher but lower than 175°
C.

C: The hot offset temperature of either the transparent toner or
the chromatic toner was lower than 165° C.
—Low-Temperature Fixability—

A solid image was fixed on the above transier paper sheets
of thick paper. The minimum fixable temperature of the chro-
matic toner was defined as a temperature of the fixing roller at
which transier of color from the fixed solid 1image to a portion
having no image could visually be confirmed. The low-tem-
perature {ixability of the chromatic toner was evaluated from
the mimimum fixable temperature according to the following
evaluation criteria. The minimum fixable temperature of the
transparent toner was defined as a temperature of the fixing

[l
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roller at which transfer of gloss by the transparent toner to the
transier paper sheets could visually be confirmed. The low-
temperature fixability of the transparent toner was evaluated
from the mimimum fixable temperature according to the fol-
lowing evaluation criteria.

| Evaluation Criteria of Hot Offset Resistance]

A: The mimmum fixable temperatures of the transparent
toner and the chromatic toner were both lower than 120° C.
B: The minimum {ixable temperature of either the transparent
toner or the chromatic toner was 120° C. or higher but lower
than 130° C.

C: The minimum {ixable temperature of either the transparent

toner or the chromatic toner was 130° C. or higher.
<Evaluation of Glossiness>

An 1mage was formed using each toner set as follows.
Specifically, a solid image of the chromatic toner was formed
on a sheet of POD gloss coat paper (basis weight: 128 g/m~,
product of Oj1 Paper Co., Ltd.) where the solid image carried
the chromatic toner at 0.4 mg/cm”. Then, a solid image of the
transparent toner was formed on the solid image of the chro-
matic toner where the solid image carried the transparent
toner at 0.4 mg/cm”. The formed image was fixed at a fixing
temperature of 180° C. and a nip width of 20 mm, and then
measured for 60-degree glossiness at a light incident angle of
60°. Note that, the average thickness of the transparent toner
layer after the fixing was found to be 6.2 um.

The glossiness was determined as an average glossiness
using a gloss meter (product of NIPPON DENSHOKU
INDUSTRIES Co., LTD, GLOSS METER VGS-1D). The
average glossiness was determined by averaging 60-degree
glossinesses measured at any 10 locations on the 1mage at a
light incident angle of 60°, and evaluated according to the
tollowing evaluation criteria.
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|Evaluation Criteria of Glossiness]
A: The average glossiness was 80° or higher.

B: The average glossiness was 50° or higher but lower than
80°.

> C: The average glossiness was lower than 50°.
Next, a solid image was formed using each chromatic toner
on a sheet of POD gloss coat paper (basis weight: 128 g/m”,
product of Og1 Paper Co., Ltd.) where the solid image carried
the chromatic toner at 0.4 mg/cm”. The formed image was
' fixed ata fixing temperature of 180° C. and a nip width of 20
mm, and then measured for 60-degree glossiness 1n the same
manner as described above, to thereby determine an average
glossiness. The difference between the average glossiness of
.5 thesolid image of the chromatic toner and the average glossi-
ness of the fixed image, where the solid 1mage of the trans-
parent toner was formed on the solid image of the chromatic
toner, was evaluated according to the following evaluation
criteria.
>0 [Evaluation Criteria of Diflerence i Glossiness]
A: The difference between the average glossinesses was 60°
or higher.
B: The difference between the average glossinesses was 40°
or higher but lower than 60°.
25 (C: The difference between the average glossinesses was
lower than 40°.
<QOverall Evaluation>
Overall evaluation was made according to the following
criteria.
30 A: A in all the items.
B: There 1s at least one B but 1s no C.
C: There 1s at least one C.
TABLE 4
Fixability
Avg. Difference in  Hot offset  Low-temp. Overall
Toner set oglossiness  glossiness  resistance fixability  evaluation
Toner set 1 A A A A A
Toner set 2 A A A A A
Toner set 3 A A A A A
Toner set 4 A A A A A
Toner set 5 A A A A A
Toner set 6 A A A A A
Toner set 7 A A A A A
Toner set 8 A A B A B
Toner set 9 B B A B B
Toner set 10 B A A B B
Toner set 11 A A B A B
Toner set 12 A B B B B
Toner set 13 A A A B B
Toner set 14 A B B B B
Toner set 15 A A B B B
Toner set 16 A A B A B
Toner set 17 A B B A B
Toner set 18 B A A B B
Toner set 19 A B A A B
Toner set 20 B C B A C
Toner set 21 C C A A C
Toner set 22 C C A A C
Toner set 23 B C C A C
Toner set 24 B C A C C
Toner set 25 A C C A C
Toner set 26 C C A C C
Toner set 27 B C C A C
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As 1s clear from Table 4, Examples 1 to 19 was found to
provide the toner sets, each containing the transparent toner
and the chromatic toner, which were excellent 1n hot offset
resistance, able to ensure a great difference 1n glossiness, and
exhibited both high average glossiness and satistactory {ix-
ability.

Aspects of the present invention are, for example, as fol-
lows.

<1> A toner set, including:
at least one chromatic toner containing a colorant; and
a transparent toner containing no colorant,

wherein the chromatic toner and the transparent toner each
include a releasing agent and a binder resin, and

wherein an amount of a tetrahydrofuran insoluble matter in
the transparent toner 1s smaller than an amount of a tetrahy-
drofuran 1nsoluble matter in the chromatic toner.

<2> The toner set according to <1,

wherein the amount of the tetrahydrofuran insoluble matter
in the chromatic toner 1s 14% by mass or more but 23% by
mass or less, and

wherein the amount of the tetrahydrofuran insoluble matter
in the transparent toner 1s 3% by mass or more but less than
14% by mass.

<3> The toner set according to <1> or <2>,

wherein a ratio of the amount of the tetrahydrofuran
insoluble matter 1n the transparent toner to the amount of the

tetrahydrofuran insoluble matter in the chromatic toner 1s
0.65 or less.

<4> The toner set according to any one of <1> to <3>,

wherein the chromatic toner and the transparent toner each
include a modified polyester resin,

wherein an amount of the modified polyester resin 1n the
transparent toner 1s 15% by mass or less, and

wherein an amount of the modified polyester resin 1n the
chromatic toner 1s 5% by mass or more.

<5> The toner set according to any one of <1> to <4>,

wherein the chromatic toner and the transparent toner each
include a crystalline polyester resin, and

wherein an amount of the crystalline polyester resin 1n the
transparent toner 1s greater than an amount of the crystalline
polyester resin 1n chromatic toner.

<6> The toner set according to <5,

wherein the amount of the crystalline polyester resin 1n the
transparent toner 1s 5% by mass or more.

<'7> The toner set according to any one of <1> to <6>,

wherein an amount of the releasing agent 1n the transparent
toner 1s greater than an amount of the releasing agent in the
chromatic toner.

<8> The toner set according to <7>,

wherein the amount of the releasing agent 1in the transpar-
ent toner 1s 2% by mass to 13% by mass.

<9> The toner set according to any one of <1> to <8,

wherein the chromatic toner and the transparent toner each
are a toner obtained by removing an organic solvent from an
O/W dispersion liquid where an o1l phase containing the
binder resin and the releasing agent in the organic solvent 1s
dispersed 1n an aqueous medium.

<10> The toner set according to any one of <1> to <9,

wherein the transparent toner has a volume average particle
diameter of 3 um to 7 um, and a ratio of Dv/Dn 1s 1.3 or less,
where Dv 1s the volume average particle diameter of the
transparent toner and Dn 1s a number average particle diam-
cter of the transparent toner.
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<11> A developer set, including;:

the toner set according to any one of <1> to <10>; and

carriers.
<12> An 1mage forming apparatus, including;:
a latent electrostatic image bearing member;
a charging unit configured to charge a surface of the latent
clectrostatic 1image bearing member;
an exposing unit configured to expose the charged surface
of the latent electrostatic image bearing member to light to
form a latent electrostatic 1image;
a developing unit configured to develop the latent electro-
static image with a toner set to form a visible 1mage;
a transfer unit configured to transfer the visible image onto
a recording medium; and
a fixing unmit configured to fix the transferred visible image
on the recording medium,
wherein the toner set 1s the toner set according to any one
of <1>to <10>.
<13> The 1mage forming apparatus according to <12>,
wherein an uppermost layer of the transierred visible
image on the recording medium 1s a layer of the transparent
toner, and
wherein an average thickness of the layer of the transparent
toner 1s 1 um to 15 um after fixing of the transferred visible
image.
This application claims priority to Japanese application
No. 2012-119419, filed on May 25, 2012 and incorporated
herein by reference.
What 1s claimed 1s:
1. A toner set, comprising:
at least one chromatic toner comprising a colorant; and
a transparent toner comprising no colorant,
wherein the chromatic toner and the transparent toner each
comprise a releasing agent and a binder resin, and

wherein an amount of a tetrahydrofuran insoluble matter in
the transparent toner i1s smaller than an amount of a
tetrahydrofuran insoluble matter 1in the chromatic toner,
and

wherein the chromatic toner and the transparent toner each

comprise a crystalline polyester resin,

an amount of the crystalline polyester resin 1n the transpar-

ent toner 1s greater than an amount of the crystalline
polyester resin 1n the chromatic toner, and

the amount of the crystalline polyester resin 1n the trans-

parent toner 1s 3% by mass or more.

2. The toner set according to claim 1,

wherein the amount of the tetrahydrofuran insoluble matter

in the chromatic toner 1s 14% by mass or more but 23%
by mass or less, and

wherein the amount of the tetrahydrofuran insoluble matter

in the transparent toner 1s 5% by mass or more but less
than 14% by mass.

3. The toner set according to claim 1,

wherein a ratio of the amount of the tetrahydrotfuran

insoluble matter 1n the transparent toner to the amount of
the tetrahydrofuran insoluble matter in the chromatic
toner 1s 0.65 or less.

4. A toner set, comprising:

at least one chromatic toner comprising a colorant; and

a transparent toner comprising no colorant,

wherein the chromatic toner and the transparent toner each

comprise a releasing agent and a binder resin, and
an amount of a tetrahydrofuran insoluble matter in the
transparent toner 1s smaller than an amount of a tetrahy-
drofuran insoluble matter in the chromatic toner, and

wherein the chromatic toner and the transparent toner each
comprise a modified polyester resin,
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an amount of the modified polyester resin in the transparent
toner 1s 15% by mass or less, and

an amount of the modified polyester resin in the chromatic
toner 1s 5% by mass or more.

5. The toner set according to claim 1,

wherein an amount of the releasing agent 1n the transparent
toner 1s greater than an amount of the releasing agent in
the chromatic toner.

6. The toner set according to claim 5,

wherein the amount of the releasing agent in the transpar-
ent toner 1s 2% by mass to 13% by mass.

7. The toner set according to claim 1,

wherein the chromatic toner and the transparent toner each
are a toner obtained by removing an organic solvent
from an O/W dispersion liquid where an o1l phase com-
prising the binder resin and the releasing agent 1n the
organic solvent 1s dispersed 1n an aqueous medium.

8. The toner set according to claim 1,

wherein the transparent toner has a volume average particle
diameter of 3 um to 7 um, and a ratio of Dv/Dn1s 1.3 or
less, where Dv 1s the volume average particle diameter
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of the transparent toner and Dn 1s a number average
particle diameter of the transparent toner.

9. A developer set, comprising:

a toner set; and

carriers,

wherein the toner set comprises:

at least one chromatic toner comprising a colorant; and

a transparent toner comprising no colorant,

wherein the chromatic toner and the transparent toner each
comprise a releasing agent and a binder resin, and

wherein an amount of a tetrahydrofuran insoluble matter in
the transparent toner i1s smaller than an amount of a
tetrahydrofuran insoluble matter 1in the chromatic toner,
and

wherein the chromatic toner and the transparent toner each
comprise a crystalline polyester resin,

an amount of the crystalline polyester resin 1n the transpar-
ent toner 1s greater than an amount of the crystalline
polyester resin 1n the chromatic toner, and

the amount of the crystalline polyester resin 1n the trans-

parent toner 1s 5% by mass or more.
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